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9 o*>\_U«J : J^-a— 

21 uiliSNl :i*JL2- 

59 ^_^1JI : Jj^l J**i)l 

77 *LLJjl : ^till J-^iJl 

91 /. j^jJ! :^JHJI J-^xiJl 

119 4iUaJl jj>y \^}\ J*ai)l 

141 ^,U^>JI : j-.Ull J*m)I 

157 SlSU^Jl :^iLJI J*ai)l 

183 ^L^NI igLJl J*«i)l 

7 



207 JpUzJI : J^l 

223 J 1*01 1 i^-bll 

257 w--IfJ' 

269 oUJLla-^JI o-J 

273 cAr*^ ^-r 11 

285 ^-1^1 

293 ^->Jl 
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J t^ji^Jl J-liJl iJj^jj^J ^yi (Greta Garbo) ^jjU- Lj^p 

?V~^J> hi 

JS\ i_s ^nJ j i (Matter) SjLJI 4jli£Jl o U J ^ L5 
?Liw>t— \ y>\ 5L>Jl Jl L^JjLpI j4>" <jj^i '^j-* - >^ta 
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L^jlj jL«_«_a i \ g " , i i, a ./? j Lo jJ«J J-aLS' ^ ^ j j ^ '■ * 

<^~sxj>- j\ j\ y\j 4 .si e II J y <Jl_JU^ LLL j» jjIj ij t LgJLJljj 

HjZj oIj^s ij LSo LgJ Lai I g i * ^xJ oJL_*_a t- j 
(Lionel jj^jjL, J_J j-J ^jJ ( _ y ^ajJI j j„ ./>.->«■) I jl JU t^^li 
j} c~><J ^-iLjij jjkj La yJ^ h>*5\j J^— Jl5 jl£ Barrymore) 
^Ja^L* : I4I4J aL^o j j£j jl ^>«j (Blueprints) iJ jMl IfU ^Jai- 

,l»Ji»- ^1 (_5^i-i iiL^I 

j ./? '. C- Lai I LfriUj ^j^a LaLf- 0 jJ^S- <L~w»_>- J_*_> llj U . 7 cJljLo 

.U>~i^j ^1 *l_j^Jl oLj jlk-i t(Garbonium) «^jJ_«jjLp)) Jl 

<LJ_aSll CjUaiaiwJl j^a 4-» '. <jl CjL-jj^JLs c <L*jI j ajj .,1? 1 <UL~Jw«_a 

ii^-Jl j iU^Jl Cjw. j l$J JuULil (DNA) (Sf) « . ^1 . jl . _U 

Lg-O j_a5 jJLOj J-^w^^Sj^/l Ijjj <■ 5 j-*LJ| I g » j_a ^ -X-ixJlj 

.iiaJlj .. . oL>Jl_o iillaJl bjjp Lkjca t tlJUJL ^jiUJl ^>-LJl 
oJLS' LfJl^i jl J-^~ L» .^l^J ^ Ll,^ jl «. *y 

C~!ljLa I g - ^- I (. pJLxJl J jj>- ojj_tj_s lo-^-J "^J laj>»-oJl ( ^S'L>o*b/l 

cJL5 .4JLil5^> ijj<J jl Lo^jJ (ij^jl jJj .^^LJl j»JUJl iJL_a 
I g " ■ *j I g ■■■ j-^sLlxJI c-jlSj t aJs ^»ji>«>i 4_™>sJl Lg—ftlj^a iiLS' 



(*) _, IfJl jUll Jl: L.i .^.1^11 Jw=i ^ ^ iJ— i-J flijl LiJ! _,Liil J^l^l jl] 

•[(^^11 ^ ^ 

SjLi^U j j _jj j_Jl <U^jcu»j ^JUl : (DNA) . .jl .ji Jl (-:») 

Deoxyribonucleic i^UJ^L ^ ll t « 1 jy>« r -^jSl! ^5 jiil ^^Jl lSjjJI Jl 

.iJ-l iJjLl SljJ i _^>- _^ i_r^" _>-*J 1 "-V-"' ^-1^ ^ j^ir- % y.lS\n Acid 
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l.iL_! i \i\ _a-$Jl 4jiLx_a <U^La a_i, jJaj <Lj oJl5 Lojiip SL^Jl 

jjjL^ L^P ^-ai^'l ^iaZ~-l N 

oji ^ J ij ; Li ajLs*>Ul iJLL«S(l _ r lS'! ^L>Jl oLsLSJl u Loj 

Jj5o t^»Jl oLuLSJl ^.Lp j^asJu N dLii ^ t^LS^J il ^ 

L«J— j t (dJ-i-- > >LJl) ^IjJJIj i frj^aJl j^SZj { j~£ju ^U>-jJI 

jjolJl oLiLo L»! .ej*>\ ./? II j» ^j-LLl-jlJI j_a oL-ljjJl J^La ( _ r la-*j 
o">L^>j-<Jl oL—il o\ ^ tj^p-xJl f-LkpJ I g : o g t^-wL<2-ilj 
Lo >( ^>^jwa j^pLJ oLJj^lS^^I ^j-*! J-a^ (Semiconductors) 

jJl iajLLa - La <>J-_a ^yl^j jl Lxii^ol jj La-J OJ_>t^»i (_£-Ul 

L^aj objjj>Jl -^j-'J ■5-*->«-j jv-j ijLlsj_~Jl L^L- ( _ 5 -Lp ^LaaJI jl 

?La*>b-l ^Jl>£^ ijjJLkJI 

^ j-il) (_J j^~Jl f-ljj i_jLa<J| «0 (_£ £_a <t_LaLS^a obi ^IJLoI 
>_a_..t^5>sJ L fl J-4j j_Jji>-l jl I p_JL«JI ^j," ■>- --■ 1 1 ( _ y S Laj^ 0>LjJLv~«Jl 

jl iLp ^^UJlj S^JaJJl v^^ 1 ^l^r^l <>* ^u^Jl 

.^J| . . . LoJU c-l jjo ^yti olj jJLaJl J^Jj 

; oL>Jl f-Lg_> Li o j ji-Lij jij 

4_s£> j-a jJwiJl Jpli jLJ 9 j J J J-* ^ J^^° 

j^j ^jj aL-Jj-a jl t^L-aJl > Lyfl-ll 4_JL- iiLl5 oli oIj^>«jLl«_) 
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; SLoxJl <up jj ^j—vJ^J Li jj J>-\ J-ixij jij 

oli ^ L^JljJu>- 1 $ . i ^jj> j*J *Jlj jla-> ii ^ I j - ■ jl jl t c-LajJlj 

dllJu olk^Jl I jl£J ^ o^L^ iWJl 

ilLj* JjjL; M ^-~>~ Wj-ajj JL^^ 1 '-^ U-fJ-v?-aJ ( ^ r > 



LI 



.^^j'b/l J I iJC ia-^Jj t^>L>Jl JL>J1 ^ ^Jc&S 
^J>\ LjLLla^o SiLJl ^k~£j J L**>L>-I J jl Lu5w Jjfc 

t^LaJL j» jl Njl Llo t_.ll?:; jjtj t Ljw y^l j-J^ ?<LiJi>- 
oljJdJ i™Jl £LojS/l b>j ? ^^aSLaiJl j^o d : jJLt; jl 

oljUl i y±Llj i_Jl yJ\ ?oLJl L^I^j ^jJI 

l» g jl cUJS jlxj LJlp .LfL. ^LlL. ^1 LbJl j oLtjj^Jl j 
lJlS '. \.^."-kJhjj SjLJI <*__j <u1SLa 4i*>L*Jl <*JLil5 "jj ■/» ' ^-jliij 
Lip ^ l ?U*>- jl Uj- >JJI (Collagen) _^3l Lsl yJl J*^ 
Jl~»j jl t Jlx>i^ yt*ZS i_Jlis ^J- 5 ! • 4. ./gall jl lft-b<_> 

i jl ajL^JI ^ LJlp .^>t^Jl IJl» ( _ y iJl oUjJj>JI Jb-L^ 

j^tJ jl 1 g , 1 p j ti>-L>Jl ^0 tljjJNl (^Lfr I ^ t^jj LJlijj^- 
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^-«_«J N jJ-Ss-Xo L^-o-o ./? i jl .,1^ \j i o j» J_xj S y> «_>«~4j s^^JLII 
^ la'. Il 1 ■ o ^ 1 ' . .. .^IxJl j la". oJl i^jjS^Li \s . ... i JjNjJ^/ <u«^o i g ;^jLtt-*-a 
JjU t ^L>- CjULS^S" lgjlla>J j 1 1— ik>Cv3 La iwS-jJ^jJl 

ij'jjUl ol^»Jl ^ j-^tjbU J*l£Jl ^xil oS/I ^jjili 
lg-> t yLJiJ (Macroscopic) o^-^Jt JjlJL>Jl (Nanoscopic) 
Sjj ■/? i ^L^^SCJl ^ ^iJl ( J_w V i31-4j O j-*-" ^ia- ' LJ] ■('J^ ~' j<j ^"J^i 

(Sequencing Human ^j-^Jl pj^^Jl ^jLi^5li i4_Jw_!Lj 

t j-jjLp ftl j-p J jj-^Jl ^~r>Jl <iJU U ^ya^iu Genome) 

(jjjLp ^1 4^j) ((CjLJjjjLpD Jl ^jA-Sj t « . . jl . Jl ^y> 

.1»_Ip ,j~J j UL»Jl b_ i jNl ( _ s ^>- 

Oji i]as>- tx5\JlI»l jj t _ J I^- J .Lal_£jJ L_xjL/j| t j^j t 4-» . . 1? II 

4J j_iLj 0 j k - o t ^Lx-lN I 4_J*>Lijl j j .T. Il Lj 4_jjL«_x_«J ojjj 

j-^- LjN t L^jLj iole^ j^jJ^-Lp ( _ 5 -i--' >— ' j—i t(jJbJl ^j^Jtu) 
j (_;!) oOpUJI ^ yljSlI sLi J\ J-olSCJl ^L^u-Nl jjjjIj 
ijLii jjl j i*ljJl j Jl^LojJI (jl) o>Jj| j (SjLJI J^-iJ (_sJl oljJJl 
_ j» jjl <ul-j<J ^^-^Jl ^LLjl .^j-Lp _ ^il jJLs t (iiJi jJl J*>L^I j 
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ioLJl ^UJuJ 4-« . ■ la ll _LpI ji <P _j-<i-><^> J-w? jv-f-LlJ ^ys j 

LaL> ML->- JJJj j^p i>jL!l ^!j^Jl c£-Vj .oJU_l>- ^ £-»j>^ 

. . LaJl -Lii t Ijjj^- LJLc- v^~~J ojJLJI Lj-_jJ jj^Jlj 

1 1 W . ... .i oLjLjJ^- oiljjJl ^ . la ■ " i a ^j!jLJ_« JJw^j 

^iilb j te-LJl 4~L>^ ^3 *iJ^\ j-^>LoJl J^J bj Jj>t^> b-U- 4-». .tail 
oiJu>^o 4_*jL/5 iijjiaj 4 l? ; Q» .. .la.ll j -c5jJ->Jl JjJj>J| ^ i _ J Jl 

t o j-cJl o-L^LJu L*j_l a la , .,11 jJLll 0j*J*-*& j^j>vj> \ g - ■■ a * 

■^Jj j-'J (Paul Ehrenfest) J ol5 1*5 _ tLj-iJli 

t L^j J—Uj'I j-^>-j _^>- oli (Polymer) ol j-«-J j-Jl j-^ 
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^ J^S Jl^L L*ij i^L-aJI iUa-Jlj ^IjlUI Uj^-jI J-U-Lj 
JliLil oli J-l&Jl 

4jL>«j^^Ij «-L J _j_S\Jl JJjJ j c- j „^ 11 ^LjL 4 - - ■ a - 11 jlj^jl oJla ^LS 

1 j o j d^J Mjlils^o j^SvjJj (_} Ja ^jp j jiX^A £^~>t-> LaJCiP ^JjUj^a y&JU 
.^iUjJl LoJLP ijjlill jl^O^I \ yi^J^jJ J^"^' j»-ftJ^-! <L*J 

^ jJLxJJ ^ j^Jl ^iJJ ^-/i <LL>w-. its' ^2 .,n->*zi\ ^j^-i -Uj 

'. " 1 <■ j j ii jjt^Jl 5 ^rf-*^ j-flJ J 1 i^-Jl j-^* (J^>- 

^^jwsl £j ji g- j t L~>- ji j Jl j «-Ljj-^jJlj «-Lw«_^SsJl 

j_^Jl) 5j j_^j>iJ| c-L_*_~S\Jlj ' <> *^ ^ - - ll <ll«JI ( j — .Jl J*>\->- 
L_>- jJ j-S'LojLLlI) ^-JLijJI p_Lp : ^Jl c— p j_aJ (Biochemistry 

e-ljJ-Jl 4_L_« ^ j»_L_p j ti—ij^Vl ^il_*l_jL_5lj t (Pharmacology 

^ ^*l«Jl tl^Jl oU; jl .(Pharmacotoxicity ^^^Sy^SUjU) 
^ g ' L JI ^ jJl ->tJ o> k ll j i •. g !lj 4^_«JLxJl oL*-oJL>i^>Jl 

j^jl I jS'jjl JL9 43 jJl^Jl 0 jS**. Li <uy\ii\ j*i\ ^ j ji^-Uli t 3 Jj iJl>- 
j : g o ll j ! JL>-lj j-* t (! jj-J-i^j'j c j j la ■ " Lx-wo^- 
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pL«_>N t j— ~>- jJ j-Jl O^jlj^f^^Jl 0 j-xi J '■ g o 11 ( J_*jtjj d a_JLft_L«JI 
Jl Lg-; £*JU<2j <_^Jl A-jjiaiJl ojJJLJI cJ-JuSo ^yJl 4_JLaJI«JI jl^.*>U 

AjL^a ijj .,f> i La La^j dj^SjJ ^»jJlx-!| ^^i j 11 jLS^ 

^Jl ^1 SM cpUJ JLSLiNl >5L pL-iVl jv-fi ^ Jlp 

li <Jjt>iJ ^>jj| <bl i opUj ( _ f sia La J p-L*Jl ^Jl~o j^SlI Ijl* jl5 

JL>«-o J o ji^-LJl J-x-j j»J .kiJLJj^ 1 . ./? j-«JLi <lL/5 

ljlj_*j tJ^aLSsJLa ^S*->iSS ^./a.->tJ ol— J>- jJj-L^o 4J J_J 4_l_aL5 

o^UaJl JiL-j j\ W4^JJ jl i-r^U JsL-j £IJ£jN L^ol-Li^L. 
J">Li- Jaji* (_^jj-=r J^-i <J jJj *>ULi U-^i LSLbul _»j 

^^aitJ La J ^jjji^^a Jl ^.,«_»>ala (j--" La J J_aJ^jLJl j^i^jJLjl 

tdjjiiJl)) Lai .ij^j^Jl i-iA^Jl t iojiL^ jji'UJI 5 ^>L>Jl <cJi r ^l 

Jl ^Jl»j «J^Sll Jl UUI» ^ J5j .oL^.^lj 

H g.d t CjLj_^>J|j oljJJI ol -> .la'." jjuU^ jv-* "JLf-^/l 
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o_j— 'J-^g-Jl jl5 ^^j^JLJI j^JLU ^yjlill ./? Jl ^ ajj^jLJI 

«L>--U>- Sjl ^Ll[ J-* «^JjL»» /po '^jjj |i j <J j-^ L3"~-i ' W"! i_T"^ ^ 

*_~f-*AlJlj <L>jJLU-Jl ojLJl JjJl><J jj-o t ic-ljJl iJijlj ofrj^j ou o 

J jl L ^^Jl o">L/> j_jl oL*il j jJ_>c<Jl JlSLil oI-Xj-V Lgj 

./?" cjLu^-JI «_j j^.UxJl olilij oJLs .i! _j-o_>=-»Jl L™*! j^>- 
^Js» LJ c-j^LjI ^yJl (Lithograpghy) Li I y> j^-JJl <Liil ^Ij^l^Ij 
_Jai y iuJl -b-lj liUi £-Ljj i _^>_^U 100 N JlSLil 

^ j La i—aJ^Li Jj>-Ijj jL>JV o i ^ ^JJ^Ij Jj>-Ijj <LL>Jl 

.^jjjLp L ^i- <cjL\U 3^1>t^Jl JjjLLvJI 

^Jl ioJLJI <_~J ^oJuJl J~~<Jl jJLiJl lJLa> J-* j j-; -lij 

^JjjiJl jl5j .ijjjLJl ijJtill JjLl! JjjJL-I iojLJU ((JjL^I 
ibLgJl 4jjLaxiMl <LSLJI c_ii jJ^l^ Jjb : 4-LuJl ljjb>t* *>U>Ip 
^jIjj frL jj— *JU^_»Jl 'yr^i L-Up oL jJix_»Jl L^-jJ jJ^SL! o jJL)1 

?4j«Js ^yi ^J_JlaJl 4~pLkJl l JL-^I J^Sv-w jl jj-" jJwl kuijj^S 

j_p La jJai JJL ojLJl jv^^dJ ijjlka olil ^li-Nl oJl5 

oLjj^>Jlj oljjJl j^JlSsj __ r: -S'l J-^-j LjJl j^-^j t j-^»jjL) 100 

■ ...^ " <*jL>Lal ^jjJaJ ^j^jjjy '. g f> 1 1 ( j^o > j jJJa^Jl .oJ ^ioJl 

( _ r Lp ^JjJ-J «-j>^j ^jj jju<Jl t (Richard Feynman) jLj-J 
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(Sperm-Like Diagrams) (aJ^IoJI oUI_^w>Jl ^1) j^L^JL A^ 1rr Li\ 
<LJ j^/l oL~~~>Jl j-j ij-oLu'ifl iJlpLiJl oli*>UJJ LL^>_j j»_laJ ^Jl 
5j_^L>t-o 1959 ijv— « jl_*J--wi t _ 5 _5_!l . (Elementary Particles) 
JLs^o iibjti ^LiL^^I ijL^ill Lj<-«->JiJ tSy-~ Jl ^L«ju>-NI 

J_s j . {There is Plenty of Room at the Bottom) j_«-a-ll j 
5iL»JJ is j j_*-«Jl ( j^>l ^j>JI j c-Lij.. i}\ ji J*>L>- jj^o jLoJ— i jj 

(Gred Jb^ <, J> (IBM) ^ J\» J ^Ul 

I.B.M a.JlS' ijli^j t(Heinrich Rohrer) jy^jj J^j^V&j Binnig) 

jUJUJl jUla _J .1986 *L>>aU J-;>> °j5l>^ jjiU L-glal 

illjj)/! - ^"IJJI <. a5jJI JbJl oljjJl *_~Jy Ja ^£1 

J^LLlI diii Ju^ Jj-^JlJ ^j^oUIj ^^SjS/lj « j^jU» Jl 

I 4./ ? a J l U (_5_jy CjU-^lj^ilj tibia <U_g^i JJ^laJl (jj^IkJl (_5Jbj-JI 



x 2 j jjjL^jl 5ji jjj) (Lol ^ j-L5 50 ^j-* Ojj) 



.LfjJy ^-1 _Jl ^Ijli! ^'10x2 = > 23 10 
?o ji jLJ^ jLX« ^«j>tJo ^ ( Jj4 
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viJ_j jJj t/^—sLJl ^j-^-J ^>-j^mj j-* J-^ j-?-l >■ - n g " * Ik 

ol jj—* ^^^oJ"- J*>Vi- <u_j^jl JL*5J I jj<3 /J— ^jJl jNjLiii °ljj 
Li I U-o ^f-iS^j ^iSl (j j LgjjS jl .oIj_^5jJI S^j^lsM ilJipNl 

J-SjJI j»jC^jJl Qjj ,/}*_ L OLj^SLil ioJajMlj ^IjJ-llj OljiMl 

o^Jj ^jJ ^ ^jLiDl jj-Js j j_L »l jjL^ ,j~j%o flAJjL; (Intel) 

J-ij La ISli tijjJLJl Sj^L^JI (Nanoacre) jJxjIjJU 
ol la 1 ... Il jli IJL! .i^ii S_o j^xL>Jl klLJl jli SSLJLlI Jj^I j 

.jikJl jlL'Ml 

^ iJuji (Maple) <^JL2}\ 5 y^-S ^ aSjj J£i t Siiu ' a jj-^i J-*-^ 1 

t_J j-j-P N I g i ■ ■ 0 %jJ> SJL>-I J JljL>- j 1 ^ ■ *nJ |_>J-i-!l I g ; ; ^ j-J 

^jjLa?-! JjJl>«JI J_^>Jl Aj . iajai olj^>t-*_o LoJl t o» ■ ■ la ll 
^ .la'." Si ^ Ij^JLx^j jl ^ j pljjJl J*>Vi- SjjJLJI Lj>-j]j^s]\ 

_ jL>- Jjjj o^jL?- y^- p—LSCj Jij .JJJi I^JJcu-j jlj Lg_T\JJ o^LJI 
Lo : oLj^>JI S^ jJ , (Jean-Marie Lehn) ^jLo 
^ <dplij S-i_5j (Molecule) &y>r ii S-15 ^J~s- jjci jl 

^1 «ol*_*_^JI» _; j-.--.-J I ^Ja^>.; i<ul (I^jjalj-JD) 

^Jl -UljiJL Lui ^ JMi- 
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<£_oJ^a" ! 5jL«Jl AjjJs jjj 4-JlS\~gJl j^UIj J-~Jl ( J5' LgJ ^ ./»•»." 

.AiUai! S-Us>U- 4~*~«~i UMj- .CjUjUI ( _ y i-i: Cj 

SjLJI J-S^i-j ^ <l» . . la ll ^Js oLJuf j (^JJl (_$J-<Jl 
jjUj j^SJ^Mj oljjJJ ^jiL^j (_j^> ^\jJ*c^*\ 1 LJLJJa^i 

5 ~JL«J| oL>jJ-*-«Jlj <CJLoj (1)L^jVI 4j^_^5 olil^lj>-^ll j^*-l 

j,^?.5.7...„i t U <u» . . i?,ll ol jL>o} ^»Lo\ Uj j as>- j ^ t U j-toj .<! 
.bJb- I^Ap U ^ip ^1 b'LJliCol 
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^1 (Physical) j^pLJl Jw. j^^-> tS-Lel~«Jlj jLij)/l ; 1 c^jijj 
.JJLli J-j-a^J obis' frL^iUl ^^woOiti— t (Functional) ^i-Jij 

^jj j^j (_jL>t~J j_w-Jl Lg-S jf- l _y^-ll _J-*Jl ^ _J-^1 o-Lj>- 4»JLi>- b_aJj>«Jj 

. LI* jj ii^>- i*-LJl L _ r £>lij £t?-jLjj 

^ ^yi^ ^j^J t frj .,r?ll ^ Lii>-b Ij jJi^o ULkpl kllJJLS' j i y>-\ 

j j^liJl jiJl 1 jJlw ^>jJl frLixJl dill jl Ul 
il tJjul cjUL~«J j^a^-^li -Lis t ^ i s LxS"l ^^Ic- ^...t.g- 

(James Clerk Maxwell) Jj j^5L« il^^JLS jl5 _^JLp Ul 
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<■! -<3 a 11 J*Ai>- <■ j ■/? 11 oU- y Lg_J JjJJaJj ^^j'l SJL^JaJl ^-Lu^Li 

: oLU-l jjj ,y> SAx^l ilL* cJJi jlss dUi J5 p-^jj 

^-p ( _ r Jajyj^ji oljj Jia olw- Lj-» jlS Jl& ^(Circuits) 

?SJ^J1 

^\ tS^SJCi -U5LJI <e>- j ^s- j^Lo-j t SIj>- y iS y>- o\£ lil 

?U,I 

S^JI ^ W J*>U~ SJLu-^l »JLa oLU)l Oj — J JJJ 

'■L^S <jjia-i 1905 ^ j^LJLol ^j-J^ Q/**' 

jJ-*-a ^ *l> j-g-SvJl Jj-^J ik~v~j oL*>Li jl«u t^jbJLL>| ^il xii 
\y>rS5 ^ ^ji t j-AJl jl t ■ .,(9 a j-a jl jJl S_k_~<i jj jj-"" - * 

. (Photons) ol; _jj jjJL ^3 yu 

t (Werner Heisenberg) f^Jj^L* j-l^i i_r^' '1927 

SiLj jL i (Quantum Mechanics) LCJlSLa jlS ^AJl 

Oili ^3 Lg-x-S j-a_J ajL~Jl S-P^* is yu* jl .1 ^"C-j-^ jl Lg_»j-j Si jj«_a 
lj»_SsJl «-LiJ_^S ^i Lai .S_jJ_JuuJl C-Lj ajl o_Lwip /^a <^Jj^ jjk OJjJl 
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3 lIU; jl* 



la .... 1 J-3-1 J ^j>lj^sl 

oli c~5_jJl ^ ^jsJL_i i-L>- 4_jLj . ./? a lb o_ *~~! 
jl .i-Jj-^aJl SillaJl /^a oli CJ^"" J ' olJjJjJJI loLw^- 
oJijk (Wave-Particle Duality) «^U-w^>Jl _ i>- j^Jl ioLj» 



ojuk ">L*_S j-ibJl j-i^_$b" ibL^I Jj J .L»jL«_ijL^I 

^1 ^jl" y diJi ^ _ r LkJiJ ^lILJI .1*4, toLJlSL.>l 

cjLJu i Jj Ju Jj>cj L«JLl*i t (Quantum Size Effect) ^y^^Jl 

J*>Li- 1 j . >■ k_j-L-LxJ jl oLjjjJLSvJpU ^j^tt-i l _yJl olii jjJl 
4^?-bJl oliLkJl jl .iJj^xSO^I oU-j^Jl lf^J> j~as>Z ^1 iiL^Jl 
LiiljJl 0LJ1JI £j> JL>Jl U-LLa tobiyJl LJL* J^-ij 
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( _ s lc- 4jjU^o oU-jJ 1 : ■ la «J 4_LjJaJl jljj^/Li 4jLu*Jl jjjj is.iJj> e _<JI 

oLi tji-£Jl ^ • ^ t ' - ■' jtr"-^' *— ■ -* <_p! j*-^— 

JajjJ t yJl SJLpUJI ^ j t (Correspondence Principle) Jil^Jl 
jljj!>L! Lol . L> 4.ol» jJ| JjJL>J| ^JjjLfcj ^yy^> l _ r «JLt 

j»JL- oL>-jj jli <. *3i~J> ojj^&-> oJ_JL»Jl oLjjj^SJ^s/l jl _ Sj— aaJI 

^^-^ JjJ'-j o^/ tojL>-!l Jl^JLJ JjL^j ji^Jl I^LjISwo j 

.oUj j^JNl l _ s Jl oLiUaJl ^J^-w- i«™>Jl 

p-?^*- JjJlJ o^/ tojLJl J^SLiJ J-jL-j ISLjISL^o j 
61 ^Jlj ojLJI Lg-A>o-"-^ ^yJl >j-^Jl jljJI oLiUaJl 

i*Jai ^ (Bill Bisset) Jj jt-UA\ <^sS _L5 j , |V wiJJ jljJNl 

: Conspiracy aint Worth a whol Pome) 
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i\ _a-<Jl Jj<-?^ jl ^^o^^Jl ji-SCJl jJih J*>1>- J-a 



bJl 



1j_a-a J^>ij taJjjLJl LoLOjj JjL>iIj 4j>-jJuj y La 

i_j jiLo »> j ^Jl ijjj SJLi ^j^Jl ^Jl jJi^*il c jv-^'J' jv-pLm* l9jj^ 
t-l j^j^I j _«.iLa ^\Ju «-JLp C-J-s^s j L» lilj .iaJLl^Jl 4-j>t-^ilJl 

^aJLo lijjti" oji 100 ^Lp *>Uii Jujj La Lij ■ c~>o LoJl! 

J ^I^J^/I ojjo ' .ol jj (J jj>- JJwXj C-»L J y L^La 

LaJwO t el ^JLi LgJ*>L>- ^y> C™JLi> Ak~J> oljL~a Li ^Js L^..,.>a , .J 

(The Outer ^-jL>Jl oLj j j£S$\ jl L-l (_$ y>-\ ^Lj j ^£Jl 
Sj_Li J-pLaiJ yJl ^ya (^jVl (j-j-ill ^ jjJJ Electrons) 

j-jkJ "V OljjJl jli IjJ t^yajyjl [$./?«■) ^ ^jljjjl j^dJ LaJJ^ 

.IfjLj y i^-jUJl SjUaJl L»:>Jb*J t-L«-S3l ^jljjJl 

t^ljJUJ *_JlMjJ| «sL^Jl» Jw»Iaj" jJLJI yjJu J-»l^w~- 
.L^iLSJ j L^j>t-i j IfibS' <w> ^ iiLijJajj villi Jju o j 

tlJLJ^II 4-S M ^a LaL5Ls-lj a_Ja_«J Ij 4_^pj_»i>j_«jl oj_4> ( J-1» j—Uj 

^ubiN c~^J ^L^UJ i^-JL L^Jl Nl iiJj JwjU; oli _»Jl 

.^J-«/5l j^jj (^jL>i-a j**AJ ! aj yji ^jfr pjj j j.,c?'. nJl ajCwJaj LjJo 
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oljJUl jj la ■ ^ j t jj ji Jl)w«j i jj_jl_w«~S\Jl j kJl C~iL5 

tJJL* (Periodic Table) tijjjJl J jJi^Jl ^ j-^sLjJI ci^Jl 

jjULi 'I i-S^Lli-Ml Lol .jJIj 1 j '->-j LgJ jJ ^ £jJjJlj 

iJjL-Jlj i^JiwaJl ilj^JL «-j_L>_»Jl j»JL«Jl ,jgS ^j^>-j^Jl ^^Li-ML 
jjlJlj (Hibiscus) jll>Jlj U *L>J\ j c~JI jJ«Jlj jJ«Jlj <ujliJl j 

jlj-^i L^jjL; -^-r-'j (Pinot noir) jljJ jJ^j JL-J jl Ml ■-»" 
.4jJL»uMI ^-ij jj—S y> (Barossa Shiraz) 

^^IjjiJl <Jle- «-Ljj t<u£L»_4-!l ol_iil_^Jl j jl (j^-«-J J-* 
to-b-l j ajJU>xjI Ml ^—-^Sw. JJ iiL* t v r S^j jv-i j» i*^JaJl j 

Lj^Jl^JI \jux>- o«-ljj iS jl Ml toJ_«j JL>«Jl 

C ■■"■■■'>■"■ ..»l i5j_L>- ' (j-^J- 3 * 1 -^ * J f I ^~*J jljJMl oiJjOJij <uJLj>- 

^^-jcJJ Lj ji jUiL-oL; jl LJlp .jvJLkJI IJla ajJLsxjI ^c- '•^^M 
tLiijI ijjjJl luj-b>ul >iUJl5j t li y>- ^ji_j*Le-j ^j~»jJ>c~~j> IjJi^a 
oJl» .dJj^L.1 a-*IjuMI IgJlJlSLal jl ^s- ol»*>U- <^l JlL" jJ 

: jjLJl ali iLaiauJl iaJLiJl 

jl ^^.o ^1 jIj-JI S^L- iL.15 Uj^^. iiLjt JI^'M 
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£-0 l _J_s UJL>_p Lj ISI i^>w» ^ Jls IJL* jl 

jjjjl£Jlj Jb_L>JI t^tLJJ j» jji j-aJ| : a _y> ^ ^jjj^CS- 

<_g-0> jl :(To Do is to Be) «iy>-j-j> dLI t _ r ^<j ■a ' jl» 

Lol tijjj>^ ^uJlS' j>Ijl><jl^>L L^SLj ^jIp j-Lisj ( _ s xJl aJ^i«Jl J-*-^' 

j^jI : ojIjJUI ja UjL (5^-1 <w>-U ^ olXij^Jl 

j^-jj-L^Jl JL~ ^Sj^-j ^ itLJl ^ 0*>U ij»l*JaJl ^Juo ^ 

ijljjJ! iijy^S iLcL>l oU j^Jl jl . (Hydrogen Peroxide) 
oljJJl jU IJJ toljJJl ^y> Is- t (« . (^I . jl . (^JK Jl) 

'. Ol J^J> y\^>\ OLXa ^Jl Jb>-lj JLa jjLi .Aj^isxj^/I <L>JJl oL*i5 

/a to donaudampfschiffahrtselekrizitaetenhauptbetriebswerkbau- 
un terbeam lengessellschaft^ . 

JsLjj*^ oLXjJ^xJIj oljJJl { jja. » i ( J_wo jl j ^jjL^SvJl 

Lpl^p-I u^js^Jj t LgJ J^L^Jl Ul^Sl jiiu; i 4.».,.jj„ll ^l_ji 

^j-i-wM- j_a J-^-" I g '■[ .AJL^l-aJl l_AjJi>l J^a—sis oJljJ^- oLiJLj 

<ul 1*5 il^-j^j j»J <ul • £LJ (Counterpoint) ( **\uj^j^jjL£JI 
jj>JJ| j»U J-iaJ .jiLiilj ^U^vJ^/l LJ^^i tL^i^ju j»J 

^Ljjl ^-i jZjj t -XjJj>ti!l JuJ— i jl-^J j-*— ^ oL>*«j| ^~*l J.'t>5sJl) 
( j_o bjLjJL>- ^Ijjl ojLij^l 4JL~jL5Lo] jl ^f^s j-*j-;j c ^yj>-o->^ 



Ja iJiS ^ ^1 j iJliNl ULII ^ oU5 ^ MIL. L> ^iJjll * jy _ (») 
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i3^JL«Jl _jl ^jL^jNIj ^JL«Jl SjjIjlo jlS^j jl toj! ^jj 

toL-jLoill ^ iiAiS^I o^wJl obj^>Jl ^^axj cJui?jl Jui 
.oN jSUl ^Ijll ^ ^Ji' ^1 ol-UI jj* La ^iljll jJSce (») 
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L^jIjJ <_ ~S y> Lg^jLu e.ila .L<v.1— 7j .C~jl (.r"^*-^ ' "^A! 
5jJL> <L>j— > 4 la ■ T y ^LoJl C^ljAi t olj-ijl o-Lfc J^-LilJl yaj 

^1 jjLJI jl .^U^ jJl p_Li <_J Jjj. i_J oLJl J^-?h 

.oijjji t-.jjj JL^bu 

L^ljl j^j cJiio-l jjl iKj^jjl^j! i^-j^j" iLaJ-w^ii >oJi^-lj 

(Harold jlS_jjLa ^ \JuJl>- jy>w> ^oLiJUlISI ^ii,„nv.» 

oL5 (_5JJl J _ r dL>«JL< (Sussex) iJ ~5L~>l^ a_«L>- J iL^Ml iKroto) 

L»^>- j^j'j L_^tt.„t ijjl ^y* t (The Red Giants) « ^-^.Jl 

Lg_> C. jJl jiaJl ^— t jjj J^ JLAlc-l .S y i^a Jl o j-iuy 

olltyJI yi JbJuJl Ju> 

i^jLLa oMb- _ r j:j^«Jl J J-io^J i^ij-l 3 ^y 1 y j •f>?<Jl 

5jj „rt i <1)15 ^jJl t (Richard E. Smalley) ^ .1 jjLi^jjj 
ii> jjLo oNU- JjIJ-?»i-.L ^L—Sju (Rice) ^j-^j aj^U- J <~lJj_; 
^ jl xJLip jj J±» ti-jL^-iG! "G j->«->- J-^-l- 5 5JlJL!I 

jjj^l j.jL>^-4 jLS'j i^jiLi^^l iljj>Jl (•-»»->■ J« j-r^l oljJJl 
toljJJl ^ (JUi jU- L»Lj1 M o j^p- J-=^la 5aLo ^r~>«-^i 

.■tJ^lf-Li; oUii <Ly IjJj lili Jl«j 
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(Robert J^-S" o j->jj-> ^ j _yj jS I c 1985 'a^ 

jj> JlJLwP Ji-^LU <4jL5 i-w-ljjj ^ j^-a-L^-v^o Curl) 

^ oJ^_ jl5 U ^1 oljLil ,j y_ jl ^Jj^j yj j$ ol5 . jjjjLSJl 

*I_^H (j-* AjJ>-LJl 

j (Jim Heath) L_L*Jl oL-ljjJl ^_j">Us j 

<, jjjjLSJl (Yuan Lin) jlj-jj (Sean O'brien) ^jl 

<+ s ? J> ~ ^ JusLc- 5 _^x*i<Jl <Glji cJLSLij j^^J j->^>- >wjii5vJ (_g JJl 
jlSLaVLj jLSj .oljJUl ^jj> oLlo oJ_c- ^1 olji SJlp 

: Lg_*^~ JjJj>cJ jlS J^L>*j Jjlj tJLiljJl oji* JJ^i UJue- 

^ ol jJJl ^^^.^Jl jJj<JI» oli _ i^Jl ^^wj 

ULaJl La ji5l j_» j <, C60 jl5 j <. 5 ^Ja-^ _ S_b-I jJI 4-L>j^JI 

jl J^«_*Jl Jjy -J-^-J -iij . jj-;jL5 oji j—— ~" ilr° ^^---d ' _pajJJ 
j^j^UI oUiJ j jUJl J3JU j JaJwsJl - J^LUl a Jl 

^1 L^LjIj lC60 JJJ^J ^1 Sj-oJU^a OJJ-AJ Oil L^ _>^JI 

»1a jl ^yi^Jl jL? .Lj^i; o ^^j^ ^ «JJUj ^Ul C70 ^^L" 
^ cjw9 <LoJ-*J ijji oL>*jj ; L$jj> j .,,-7 a II jl5 oLSjjj>«Jl 

jjJJl L^JU- objjj>Jl ojus oLi iJaj-*>U J^j- ^ j .frL< Jl 

(jJJl ^jJl ^ <JlJu- oli>_^>Jl oJu j j5 ^ JJLiJl j^-Ul i_$ 
' ; ^_4ix>«^i '•^^ L^JI IjJJiipIj ( i<o si U /-»l» JjUxj yjjS jL? 

.Lili J-*^ 0 (J^~» j' 

L^aLil ^Jl (Geodesic Dome) a_^-jj_^>JI vsJL yjjS j&j 
i jA J jSl (Buckminister Fuller) ji ^^j^^I ^jL«j<^JI 

i-iJl o-iLS" U lil J<-L-jj tl967 ^^LxJl JL^jj^ ^ ^ 

.L-lj t ^-« iSy^-' 
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^jIp 4JLJJI wUu k_jjL>Cj Loli -c^jjj f-~r )] ^jl ^y^t 

* t * t 

LoJL^e- 4_^SJ t(_5_jxLv** JaJai <u^JjL** NL^Lil (_Jjjxj b>- i j_»J jl JJjj 

.LJj jj-^* oli iLLL> 5 jS i ^J>j- J-mslj- L~-L»j- ">lSLi 12 ^jUil 

a jJLi Lj jXpI ^ _j-Jl ^L-vf ^ aJ ^yLc- a jSvJU ^Jii LoJL* 



(2)., 



LliS^lj k_j jUJl ^0 Ujj jJLp jl>-I Jbyj . (Buckministerfullerene) 
i-L*_a ^Jl (C60: Buckministerfullerene) L$Jl jJ^p a^^w« I j-L-jl 
O j-ij < _ 5 zJl taj^_~<Jl i-^-Uxsl 5JlJlaJI J-*jfJl tSjyJ .(Nature) 

if-jl; A^j^Jaj aJUJjwJl ^fXj^- A .stf t 1 985 /(^j^l jO***' tj* 

£-L*_JSNl <Ja-*i!jj c~jlj-«-!l (*-" '^^^JL; ila^s^Jl ol^-JLaJl 

60 ^jiSLj a-La-Lo L jl yLuJ j'i i yes- dUi j-t 'i^jJj^AJI 

/y> oji 60 jy> <u^ij ^° - ^r*'j • l - ) j-!J^ 

20 li lj_^v> SViLi - _ r a^-Nl jpli £j> *lkpl <u5U-> j^jliJl 

_ * * * «* <■ > 

*XJ>*\ a uL^i- L^Jw« 12 <. Ljjt j 32j L*lj 60 Io..,...-^q jl tl^j»-j 

jl .^JLiJl a _J Jia Site- al J^jjl IJlAj .Lj^-I-L* iiUI jj ^^JLnJl j 



H. W. Kroto, «C60 - The Third Man,» Current Contents, vol. 24, no. 36 (1) 
(1993), pp. 8-9. 

j-Uail (2) 
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I i_$J ^1 j J_£ ( _ y J_p j j-^jL5 5 ji ^-v=>j 4_>*JLjJI C60 S-SjJ->- 
j-Jj-^Lj i^Jij_a 4— i jj_jjL5Jl olji oljiLSLj j - « J ^ _ g ll» 

L*_*Jj \*jy Lg-solj-=~j C60 4_Jl£L~* cJL^Ji JLsj .IJL* j r _^iLLi5! 



U J-pLii ^1>IJj>-J 4JjL>ta LjJ y*-> % ^ <Lp j-«->t-aJl o ^wl 

tl jJLli |<-fx£l t(j ^1 oL5 (Bucky Balls) "^Lj ol v S' )I o^p:> 

.iiLLa o j-JLi Lgj j5 ,j-pj C60 Ljl jJLlwjI ^j£. 4_JUi>J iJjL LojJ L> 

v_slJigJU-L i^Ai-b jJjcJl oji ^jjjISJI ^<2jiaJl (J^wiJ iSjji^ 

j^^-LJl j»-L*-j .<uLJj o j j i 0Jlx_oJl sjjj Ja^^tlJ AjLi^Jl L»j 

^jll iJl iw-fJJl Jjj>tj 4j^jL>«_o <u«_«_ i i 1 _ s j 5j c L^_LL>*J j»J aJ»L«~^j 
jj_uL5Jl ^ LkJj^ 



H. W. Kroto [et. al.], «C60: Buckminster- Fullerene,» Nature, vol. 318 (3) 
(1985), pp. 162-163. 
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J...^.a:.lL> <wj Iji- cC60 J ^t>-LSl _^ijJl £° J 

>»jL5 i iJLft ^ ^IjJl J./aall jj^jj -Lf^» JuJl«JI J">IjcuJ j 

4~^_lj| L">UJl ^ <iUaJl S^IaS j-a -b>" ^L. ol jS jl 

OJj>mIj l _ r ~oL^<Jl J .,a'a\\ . l.g_...>J l ^ r Sv*j j ii j^Jl j 4 ■/? ; >■ jJl 
^jk-*-£ L;J 3j_ij>^Jl t^-^Lj cjI ^ £-1 jJl ^L>«J 
t j— jj .<lJ_~JI Ljj|j_jlj { y j -.i ~~ 1 4JLL-0I j—ij L^i-il LllSsJ tjLli'j— . JJ 
^Lx-JLJ j^j '-p Ji ^j^Li ol j% jl ^jLlII /> all 

> * t > t 

ol ^5 l_a!U«; Lgj^J tijJU I j Iks I _ ol ^5 Jx« _ ^_,U^I oJL* 
oJL* c~i^j5l .^^Sl jl cjI jjUl olxo ^1 Jw2j L4J jJa jl 
ii'j-i cjIj^jl;^ (Sumio lijima) L~r=jl j~<> J^i t_^jUVl 
^xjJu U-w>uI j!5 .jULJl ^ (Tsukuba) L oJk ^ (NEC) 

jU^/I ^ iJu jJ» <Lj>tj t_~jUI t jJLJl ^LjL (Resolution) 
J-SLJ jjj (Thomas Ebbesen) I y^ rr >\ ^L^jJ j g j 
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•>L»5 iJl£Ul tU~>oT /^i^-Ul t (Pulickel Ajayan) jljl^-l 



—iljjjl ^cJLLf iJLJb»Jl ^ <LJ jj jLSJl ajjJLJI i^^jU^/I 

^Li»l ^ y> ^ J> y\^>\ JnJ&\ oli JmJl AjiU-l s-LJiSlI jl 
o j-»JJ oJLt-Ij j ^jjLS <j> r _„,a,./-j lLI-q— <L>jjL > > LJ ^ ^ '- ■ " " jvjj 

4J%>3j (Donald Bethune) o^lo ^JUjj JJ ^ 1993 ^ JjNl 
t UjjjLJIS' <_J (IBM) J ^Ul (Almaden) j^LJl £ y> ^ 

\jki\ Jl cJLj£Jl 

.iJL^I _^jbJl t_wL>! ^ 
Jlp ^ Aj^JUI (w^jUS/I ci^^l jl Jili JLrj JJ j 

i_aJjcJ ajLJj jjjs (.iL>Lia 

jl ; L^-J-P CJjJj j»-J J 4',.. .'..all ialjil^ul 30 oLsxJiL) jl 
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.ill j_k~al J-SLlJ C-JLjl j jl -L«-; ojJu 6ji iaLjjMl LfJ-* o| 
jj .oljjJl I g - •»- C~«Ja^jl >— * jjS-aJJ <U^jjL 4jlLl>s_« LIjJj 

jj^J dill 2uj\} 

jiju j j-> l _ J 4i o^>Lu5 j^Jl oL^I L«l -J-iiJl <LJL»-jd ajjJj^Ji}\ 

<^ it ^J>- iipli" olji jl t ( _ 5 jL^5' j\ icij\y>ti\ j\ t c-j ./ills' 

tLjJLJl i_woL>Ml ... gall lJL«s p g i^-^aJ j t jjJb>-LJl 

<L>-j.i ^1 iiii oLIjia^^/U t4-SjJ-Jlj ijlJl ^ ii^UJl c-UaiX^L 
dJU-L SJlLio (.(^jLipI ^j?^ J^* 1 ^^j! oUj^^JNl 
^jjJ*yi 'J> y (_s p ^ , -^ , oL^jL jJaJ L« ISU tLjJli t^oU ^ 
l$5C<w C~JI jjjl Jy" Or.a./Ti iaU^i j j ^jXSCJNl jl ^jl^l 
<—~>*j l.la.->»^ J-H^' ojUx?-l Ji^c- j j jj .o-L?-l j j_^jjL5 oji 

jjjo 4 i j-^j^/l oLj j jJlSLINI ojjk j^SCoJLj N j .4_JJu 4— Ij jl 

^Jl oLkJl ^jL'j t J^kJl oL^JNl ^ oUol ^ ^1 jijdl 

dlli oLSI c ^yL-ygjixll ^y^-jJl l^j«-<j> j ^ (Jj-J^j c->Uj^£JNl J^<-^ 

.i j j-jVL- jl Lf-L«-i 

jJaiJl J—vsLaJ o jlwC <Uj ^i5C1VI j^>Jl C-JL5 L»Jj 
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J\ >JI y J-UJl 
^ jj^- j (Charles Oik) dLi J jJjLU jJL^J i dJi 

jjjJj^ Jl ^^>- ^5 ^iJ o> _p<JI ^~>^ j-* (Joseph Heremans) jJUj ^ 

jl _ S-> j U '. 11 C-.^»j^l L^S _ I jj >j t i jlil ^^/sl jj- (_^Lj 

ijjJLJl iw*~jLiSll |»Ijl>s^joI j-* *4-*r^ J ^r-r^' jr^ Ai*>Vj«Jl 
> > o>lSU ji *b !l jL>t_s-I t o >lj j-^-^jJl j-j ^-j *a 1 I 

.^Ul — « ^^Ip Sj^L^Jl A^JJ^Jl ij^j>Jl ^y> jyS jJiJ i_£jj>tlJlj 

j jJJl j p^>Jl l5 Ju> J j, ./7,-xJU j j-^-ll ^^»<-ii c^ 1 -^' t^-LJl ^jl*-* 

j| t^«J>s_> L^JJLs-J jJjjAjl 4 . i oJ_»i ^-Lsi>jl jAjLo OJ*^-«jj j_yJ > 

jjjjL^lSl -UsLxp ^1 jjI ijj\s>*sj> ioLiol "jj ^ 1 j (_y^!-> ol^S 

*taL ,_ylpS/l jjtiSl ^yj L^-jJj^SojjUl ^ ix-JaJl ^ ji; j •i_5^" > ^l 

■L» ■ ■ la ll JL«-p1 C-J15 U> I o j g iLA>tj t J-«j«JI 

jl ?<U>-lx>tj L> frU I ^ ■■>- LuSvoj t_i»Sls i frL>t*-j ij J-Laj aL^*j>- 

^ ^1^1 ^ ^i-^Ml J->U^I ii_^Jl ^ M t s»[ 

iJ^Jl Jwb tiblgJl ^JaJl 

jL^i-l jl .ol^lajJU ^vij k - J ^ J k^'ljjJi-' 4 _j- a J ' j«-^Jl JsLaj 
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.1 g jixi Jai>- SJoij oljjJLJl ,,n I 4j»«^3_ujl ^^llxJl 

J-^j^Jl 4~Li i j ^*>£S\ j»^>t>Jl j-jLj J*A>- {jfi y-\ p-jC3 J^lj' 

t «w>l ,/? : a| j^Jo ^jwaJl cfl-JaJl jljjl LI 3j_>«_aJl oj_» f»- : ? , - J> " 
4iU» oJl5 Lj lil _ ^r-^i ,ji J-^ j-<Ji\ <L;Ji 1 _ s -Lp JaiL- Jl * j ■r* II « 
oLSj jiS^J^I iiUs ^ij J _ ^j>- yS\ (jliaJl S y-*s ^ jJwl ^Ll jj' ji 
tJie-Nl (_$_^L™<Jl Jl JjL»*j Jj .J-f-l oliUs Jl <dj-b 

Jl J-a J ilsL^j jU SJl* j^ iilkJt cJl* lil ^ 

jjj^Jal^j jv^Jl jji^Ul j^isl Jij .ijLJl ^ J It! I ^jLkJl 

i__J_~J JlSLil JlSJj J LjjjiJL5 4_*_«L>- J (Paul Alivisatos) 
^1 J^-j'Nl oL^Lj ^ JlSLil ^L-j 2004 J \y>\ij .^JJl 

ilj^JJ *L> ^£>tlj> Jl jj 4jP j'. 

j»LI JjIjI J L»_^lj ^UjclwoI LgJl ji^lj ^-SsJl biij cjJ-g-i jlaJ 

,L*>-jJ jl5\J JjljJl 

jLisj^Jl (j/t-j^ J » jLlSCJI IJl« J 1—^jj Ijji (^->jj <_y*J 

^Ul Ja^j Uj> ( j/ i,-H,f,7W iJjSlI J-^LlI) <Jl^I^ ^jl ^ 

oJuJL^- ^^JL*>-L cjLo Jl*_oJ1 L~>- jJ j-lSsJj 



Liberato Manna [et al.], ((Controlled Growth of Tetraped- Branched (4) 
Inorganic Nanocrystals,» Nature Materials, vol. 2 (June 2003), pp. 382-85, and 
Delia J. Milliron [et al.], ((Colloidal Nanocrystal Heterostructures with Linear and 
Branched Topology,» Nature, vol. 430 (8 July 2004), pp. 190-195. 
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(SiUaJl j^i jj t ^iljJl J /•» aJl) i^JiLxJLo otLiSL S^jJl jj-^-Lil o ji 
c-l jjJ^U 4_LU L^iCJ ojUutf oUjj^>- c-Lj oL^Jl <LpIj-! J-LaJj 
.(»15^L>mJI t ^jLJI J ./^all) aAjL* Lf^SsJ SjL>-j ^jjj tl^-iii-j 



^ _pl»Jl t(Jean - Marie Lehn) ^-J ^jl* _ jlS 
<uL>jl*I JL>^« ^J^p Ji tis^LLa e-L^^I ^ Jjjj JjiU- 1987 
( _ 5 JLl!L5' (Supramolecular Chemistry) i^jj^Jl <j jiL> e-L-o^-S' 

i;jL5 J L*-gi t j-fJ ^-"j / 5 ^ (| J j .^iWj J^JI <LX>Jj>Jl 
tl_^_Ju> jujl*j . ./i «Jl lijlf?- oljLiNl JLvaj} jl il ioJLoLa 



Nobel Prize Interview (Video) Available on Nobel Prize Web site: (5) 
http://nobelprize.org 
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ol^5 \+>\ SI tLjji- ^ J5 ^ t ^ r; jdiLw. j^JjS ^ Jj^l ^ 
^ oLwJj jJl .j»j»t>Jl ^ W ; i >_i*&S-l ^-o <u^«JiJl jj-jij l$J 

yt> (Antigen) iUiJl jJ j^Jli t ^i-l UJlj ^^Jl U^Uii ^JLij 
jl Lj^j^L JJS jlSl ti^L^ i_>L>*jL-.l J-Lkj jl {j&m t-^* iS^ 

UjL^j>- Lj-^ol j-fi <• (Antibody) iU^L*Jl j^~j>JI L«l 

p ..,.»>- J-^j .LaJl— ^>«j j»J j-°J j - *-^ ^L>~j^S/I ( j^i~>«JLl! ^yf-l-LoJl 

jl ..S-l^s-a iL^o jj y> JjJ-~~° ^^plLoJl Ljjl^>- ^ ■>! a 

qL/LJI JjUaJ! J-jLoj LLUaJ jl jiji <LX>J^iJl »L.o.JnJ| j JiSLtJl _LJL*j 
.j~«-Jl l^JlJb- <_,« jiyS %jJLu- |>lJiil Lfll jl tJiaJlj 

toLXjjj>Jl jJ _ oLXj^j>JI o">\-pLLj j^-J j j) 

jl *j_«JI j-XjLj LL* (_^l t ( j_^>-jjJL r * Ujij S_L>-lj j-^j^v. Sjl 
tJjujiJL «-LJ_*Jl jj> iJs- iJJJ Jl> tSiyLJI t-LJI itjjj>- ^jAj 

Lol .JUj>tiJl j y^Jl j jUjJUl a ^jJ ^ SJb>-l jJl OJjjJI j£J 
jl5j .Si^jLoJl 4JL>^j>«Jl LoL»J 4jLLl?^> t j&\js>- L$_Li t <Lpj_«^>«_<JI 
JjSLiJ ^yJl ijjJtJl LaLj ^ j-«Jl y>- ^Lm-»l (j-j-J Jwai 
* y^i\ jJJu V j .i-Lj^JI j iijUl I4JU ^1 L^Jl^p-l Jjb L^-L-l 

0 ciJUb jS/ t SJj-l j ~*Zjy>r ^Ji\ «-UJl J^>«J j\ jLf-A<l Jy->H jl 

oJLa ^yl jJ>- ii jj<^ t j^J .LgJ *y 5Jl>-Ij Ji~>^ ,j-«_si> 

^UjJL>-l ^j-o e- j^»Jl ,j^-«-J L^jUsLjjL <*JL^aJl OjLj j CjLij^fJl 

. <Ujcoj>J| l^../»l ^i>- 

^j^i j~w»jjl 1 g ■ ^ » j 4-ijj^>- oULS tbwj i_lUS> Jjtj g J ^Lij 
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cJc^y*- j?l.,7...l ^yl*. <jjjii 1967 ^ JUaa c (Charles Pederson) 
ja J5\JL)1 jlSj .AAisj^A oljJb JsLjjNI y* Lfli^Li j V^>^s>- L^i^u 

i(Donald Cram) j»l ^ jJCj^ Lo*>.u.L~j LI .is'>L««-)l cUj/^lj 

^LaJ ^ jL^iil ^ JS J^Ju Jij 

oljJJl ^yJU ^UJI jjp 4.'-.. 1 1 ^ II oljJJl ^^U^^L 

,_yiJI S^JwiJl v^iL^Jj ^Jl jji ajjJj I ,/iA ^\ j£ ijX>)j .<_£ ji-Vl 
j-JjjJJ sT^l ^ MLi- JJu-. Uj^I j j5 ^ Ugj^Lcp-l j^i^l 

.jL»_Jl ^yo j^ 0 -* ljA* *J-^ C—jlS' -GLjJj- jl t 

^yLt- objj^»Jl *>L^- AjLj J*Ai^ J/^J <J-*- p J-^ 1 -^! (^J 
L>^" (^J -^LL>>JI ^./g tt.il SjIjj ..yA-^jJl <rl* 
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at! jjUl ^JUJ 

* . ^ ^ * 

^->s-«-Hj (j-J L»Jl i jJwaJl l-i-^; jl Ji>xJl j^^pJ 

^JiJ ^LxjVI t JS\JL)l ^^xxJ |»-X?t-". <Jl ^LnJLlI ^ <L>- j^Jl ajcwJs 

M IJU .<■ j ./? 1 1 ( _y>-j^jl JjJaJl o j j£ C~U^j ^y^- 1600 

c— J jl ^1 1986 . ^Lj-llJ JjjJ cu>^ Ji j 

«-L»_*J» jJs jj dJu^L; ^jSV* -i-4J«->' (Ernest Ruska) 

ijL^J ^ j^jJI cJlill JJjJl JjIjI ^ J^j jj olSj t l >J J rr; 



Nobel Prize Wen site: http://nobelprize.org (6) 
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^ ■/»■»- * <bjjj ^Jaij ^ <U^>J| yS Jj <*~jv5 ^'ilL~S\j . la'.,» ->,a ^£ 

^,Li Jlp <JLp J_^~ (jJUl JL^JI J^—j coLj^So^l 
( _ J ^j jJ LiL-lj oLS 1933 ^Lp J j-b- oL>j jj> 

.j~S jUt* ^^Lp ^ri t>j ^rf^ <J j' ^J-^ (Siemens) 

jLuV Ij^oJ ^Jl (TEM) j\ (T ransmission Electron Micorscopy) 
Ol jj-LJl ^ Ol jJJl SJU_pI 4j>^>j^ jJ^> jJLJI jj-a 0,1 ^1 J-a: 

^1 ~A>>\J>\ Jj\~A£!\\ <w~S JuJb»«j ^ J «- J 4-^- i-jLSCo} ^^Lp 

J^Lio iihix^Jl oljjJIi cioLj^ill ^ j-« JuJb»«j ^^Lp L^Ul^Ul 

(Scanning iJLiJl i>»-» L«Jl ysL^Jl ojJj JLii cdj-b»l /yjj 
j_;jw««JL. <J cJ\Xj (J ^J\ i jJlL]\ ^ Tunneling Microscopes) 
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J j-p 1986 i-J tljj^ii! Jjjj »JjI>- jj» j^^l ^_ivaJl i^Jfci -Lai 

JJJI (Heinrich Rohrer) J^jj^Aa j (Gerd Binnig) 

j^^JJ L -f^o-sAiU t^jjjj ^y j^JJ IBM j^>^ ^y o!>U-^ 

iJLuy JJUi Jju pijj .JL-jNL. jl ^ISUjNL tUJi jisi iLiLi 

■ la ' i >l^S os-ljJL jjj*Jx}\ <U^j«_!I £cJa_~J 



^r^V jj"-^ ^W^ 0 ^-$-Lrii ^r"" ci*" o\^>*~i Ills' Jii ^jjAjjj 
.iiiLft apIjj iS*A^<il ^ySCjLSwJl p g o.o i. jlSj tojj^aJl 

. Ji~^ <UjU ojJi Ivsls^j (_^^>«j e-U- j 

.oLiijJJl Jjp- ^ylp J-«j<j tiJLxJl 
Jl^j Lr ^»j ^t~^JI aJL*p- j| .C~>U "jj—oJu') ^^ip Jj (3 



43 



(The Tip) iL-SlI ^ kjj .si >■ Sj j ■ oU j j^JNl j5 ^ "b/ j 

l$J j-£J kiJJij t (Uncertainty Principle) i-Sji^JLoJl oJlpU ^^-j^-j 

if-j^j L _ r oiLjL; a.» .,<?!! jLiJI IJl* olS LJ_j .i^jJl J^-ta 

^JLki^^Jl ijL^Jl (3_^ ( _$^_j^u«Jl j^£=»cJl olSj t 0,2 ^iJuS <Lj«I 

.^jJU 0,01 ijJb^ l^J.i bl: c_JbJl jLJl ( _ y JlP iili^JJ 

.(Everest) o—^jl J-^r- J-i-» oljJJl Oj ^ b aJjJI oJl^_ij 
^jJLiJl iiliJl i>wLjl y^UtxJl j»ljj>tX— L a><j^<JI oJISj 

. <7) IBM J (Don Eigler) oj> 



■- H. C. Manoharan, C. P. Lutz and D. M. Eigler, «Quantum Mirges (7) 
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(Nature tl^c ^y> 



m 




j^Jl ^1 _^lsMI ^1 ^JLiJML ^» yi> t 4JU2JI ( _ r Lp Cr^s? 

cj LSs^i I ( j^o j~S (JL>t» (_5 j<jJj '■(.j** 1 tijjjUl L^- jJ^iScJJ 

0 1 1 ^aj| 4_il_4j LjlS' jl i} ' j» j-Lx-ll La 

.olj^Z j-UI j-j")^ oJlp L^wo J5 i_il5o j-oJJl iJlp 5j4j>-S/l 

1 "L^SjLU j j^j; jl i^^ij L^JlLo ^ j-^"lj (J"^l— " j-^l 1 8 8 ' * J l--£>L>- 



j ^Slj La OiLf-J .LgJ 1 



-LU ^Lii o^. 



Formed by Coherent Projection of Electronic Structure,)) Nature, vol. 403 = 
February 2000), pp. 512-515. 
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•«* Z i 1 jjj ijr~^^ u""~^~ J^J~^^ Cy Aj ^ J "^J ( j-- 0 oJlpLs 

j-SUJ j j^L^SSL \jj y (Mitochondria) LjJU jS j^>LJJ iJii>-ljJl 

iolp ^L-jJl jiyi j .oIpUuV Ju* LJ ip Sjxil ^i.,^ ^yjl AjjjUl 
.i»-»ljJl ^jJ^-LJl oUU^aI frLiJ^I Uwi ^IJisi^l 

I j-^J-* LjJwAjJl L> ^ »Jb jl : ( j_a (^jJ > ' .!,/?■>- jJj 
tij_b>- L>_»*>15 .>uii>t^ oJlSj i l ysiis>u> 

_yk j _ (Atomic Force Microscope) <jjJU1 o jiJl 

is Li; l^JLSLu ^Jl iLJaJL, L^iU; J\ j>Jl ^ 

J>A d_>-Lj Jlo <=rj->^. LjLii—l ^Liil ^LaJJl olSj 

^_>«-^_j oL_-^>- t(i»Lla_aJl j-« (Latex) i _ r ^£j*>Ul 

j^5\J Jj->- t_a.ljL->c-o . u j^j-Ip A-o lj". <mJLx>t_o frL-o^^ I g - ^ ■>- "j 

t yJl i^L-^ll ioL^-jiSl y^ljiaU jv^i d-^JJ Lijis- L^f^j Jjjji-Jl 
Jw«LjcJ L5 ^yiJl ij^LjuJl ilj-oJl i^oJijl isL^J^I J-SLiJ jJ 

UL^I ^L-^Jl Jia j UL^I jiaiJl Ji* (»j~«Jl j-XJ liLJi tLjjco 
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.ILL* <diJ j^c- LaUj^ic-I ^^L«J iS^iJL«Jl Ja _j~>*-!l U ^js~z£j 
Jli LJo t^J^JI i*_^I^Jl i^^_L«Jl ij^5LiJl ^LiJUJl I-Ljij ^j-^ 

j»JL«Jl 5 ^-Sj i jS j! ^ jjJI LoJ_LP y>3j$ lijL* 



4> 



^j* iJLis (j jj 4JLJ9 J*>U- f, JaJjJlj ^JjjcJlj i^LjjJ^Jl ^J~Jl 

ilsL^Jl /^o ^yi-J* jlJSjcJU oL>Jl oli j\J*j> jlJlaj £-i>j jl I 
LgJj .Ljjlj oL>JI £j ^JLo <j_^ij Le-j^JLo ^s<aj U i_s_L^5 *j^j-!l 
oipL ^iSl LoLio^l JpjJwaJl c~»L5j i j-*j-!l J-i c Va I? j-^J ^ 

4~~«-JJl iiliajl J_p*j jJL^U oLi _ i><-i; JuJj>i1j ^iJJj Jju < j- jji 

^> _^Jl ^rfiajj .<*j-Oj ^1 Oj_)>JI jj-LJI ^1 J jl! (JLiiS/l I ^b- 



.hjlJu oJ >«j Jtvixj o>Ij 
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J} 1? ; 1j>^ j»j iaJj jJl JuJL>si dllij JaJa>tJlj ^...la.;:.ll ^ iJL>Jl 
jj^Lo LJ ^jjfcj-o jj>Jt *Lj Il>-L><_i jj .L&J_~iJ 

jlJL^sJ .^^Jlc-^/I ( j^a jljj oJJLx_« <Lo j la', a ia.la-j-oj ^ . o 

oljjjL^ijJl j-^' oljLJuo I { ' " ( J_S' ( J_«^>ilj sj_jJ_^- t_j^wuL^- jplij 

j ■ ... 1 g a ^ 3^*3 J & j^*-^ 4-*jLo-l JuS* 1 g * 1 4 1*3 . . ^_<>Jl 

0 j_& ^j-o SJ_> J->- oLx_J» ^ ■ o ./? " i j j J g o llj 

^w2j 4_L?-IjJI o>lj^i-^j-)l ^->^s>- (JfrL^J jJj ,^_)J_t j»_£^>cJL) 
100 jji Lo j»->«^ LLi ^^JLp ^»_^Jl t_i-LJ <-jj^.L>JI olili ^Jl oJL& 

1 L^JjLuJ ^j>\ la 'i t_JjJu»il ^jjj ^LjtJ Jj^9.i ^j-" ^—i-JLj 4-J-«_P J^-«-J 
( _ j Jlc- i^-^jj .J-^Uill L-A U a J jilj jjc^j 'J^-* f - ^*" 'Lr^J' 
LSLu~-li j (Varenka) L£_Ujli ^jLaS j t^y^J aIsjU- jl * j-«Jl 
Ul A_^aJ ^ (Varvara Vronsky) ^^SL^J j jJ IjLijLi j (Vasenka) 
Loli] ^j-Lp i-JuLLlI jl .^-o Lo ^ (Anna Karenina) LlJjjIS" 

<l~»»jJL L»_~uL?- I yi\ jl5 1. 1 g •. . i Lo oJJL*^Jl oUaLJj^/1 oJla 

.o^/Uiij*yij j-^L>Jl oL> jJ ^5vJ ^y> LuSC»jJ 




Lki^l ^ j>-\ ^j} ^ 
( _ f Lc- ^joL§Jl (JJl?- I LjJ (_L»j<j ^JLi»i' J^jxj j jJl ^ oljLi^l 
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t»l_-^-) ^-JsLiL^I aju Jtu jJ! oJlSi luj jj j^-^Vi ^^Ss><jJl 

■ L'.~.^l J-^- 5 oJujw 4.51?. a ylji ^1 

^J">L^I ^^-A j t (Vacuum Tubes) ^l^^a—ll ol_«L_v5 c-JLSj 

.(Electrodes) ^jUaiNl £jj ^ jLJl> c~*5^>J iiJU ijlgJ 
t ( _ y 5L J ^>S(l ^Li^Jlj ^Lj-JJl t (Lee de Forest) ^ 
j^Jui iLil ^JUI |>Lw!Jl j! (Triode) ijJ yJl ^a-. 

^ ^Ija!! f twill ^»Ji-j .L£L*_* (AM) ^jj^I ^o_sixJl 

oLjwjojMl <jLj-) 4-o la il *L_i ^3 ^JLpiLlJ j 1 .h A i^^w-l j^>Jl ^»-Lij 

3 js jS\ «~~oL>- ^ISCo j^jJj , - il «il . . --ill ojjsi oil j .oLx~»«^>Jl iiljjj 

t^jj^iJl <Ut^i?-l LjJ ^|jji!l oULw' . I g 5 . . ^ ^1 
• liy:^ JJ ^U> ./? II J^ta oUj ^jlSU)!! <_sJUl jJLx_«Jl jl 
ij^<Jl ^_™*<l_pJl oj!5j .tglJ<JLd Ijl>- 5 iSLls ^Jl c-j>-Lu>-Ij 

4_JjJj_oJI 4_LJUs ^Lo_^> » aJN i oli /pLSLtJl c~1L5j (^-ij-* 

.iSUall 4-lk*i«j 

y>-\ i i jJL*l jj><J J_«_*Jl Ijl-Li jJ otjj^-JL*.!! ^ <-L>_L<Jl olS 

4^jJ_^j 4jI_£j - ^j-JL-_tJL)ua ^ 'I g ' jJL>«j Jjt^j C-J-Sw< j .oljjJLJl 

(John j^oljj j j-=r oLS' 1947 ^ 5j jJLJl jj->Ij »j-Fr' 

jj ol ^ j*>LoUJl (Walter Brathain) jbl y j^jj Bradeen) 
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*UJI ^-j JLp cjUj^^J^I il^JL* jl. /iih,, , oUjJJLdJ (Bell) 
jjLf- ^j-^i^La^a JL/ajl ^rUtfi Lslilj ikL*aj^S\ <l~J1p S^UJlj j. >.«.<> II 

IJla L&jJlj^j £1 jJJl oLilw) i_s>L>«j j . (Amplifier) 

J_^» Jki 1947 aiJ i^UJl JLp J_i j^>l >Jl £l yi-l j 

.1— J ^L-Jj cJ J if? >-J I OjJuvJl O^lLsf J-»JI oL— il I— 3? jS J~-^ jj J~! 

^Jlp jUl ^jJ jj Zjj.il ^ <j _^>- j (William B. Shockley) ( _ r L5 j-i 
^LSIj ji^I oljy^j^l yJl oJlS .1956 i^J ^U>iJJ ly^r 

C->-IpL»j t^ljiJl ujULwIj iljU* iiUaJl j»lA><JL-il US' I j 

oI^-JLp i J . „f? i I j^i J*Ai» L^ljj \XJL*S 4-oJa-l! iL^J_uk ^f-L* 
.i u L»j JjLjJ ■J**^ wjVMl 

.Uj&j LjJl>»j j^jjoJI 

Ja_>jj *L-J i_L_-j JUi JjU ^->jA la « 11 jLSj .Sj-i^i jL£_~. 

^L^SL" (Jack Kilby) ^AS iiU- J5 -U>-jj 

iS"jJi (Robert Noyce) o^j^j ^Vb ^ i _ r -^jyL-Jl 
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(Fairchild Semiconductor Corporation) jj^SI-L ~» jJLLi^ 
,y> Jb.uJl ii^ (j! tilSLUL! Su- 1959j 1958 j^, J^U- 

(Single Circuit Platform) o ^jLo ^jIjJ La^c 1 _ j J_p olj^-^jJl j-Jl 
(Integrated iL>LScuJl yljjJl i^Lw? oNj dUi Jju j .5jl?-I_j 

L> lili t^LiJl ^ o jjJJ *>L)Li . j _jJL_-S/I IJl* jlSJ .Circuits) 

^J* ( ^5Uj bl t j^jJl^: ^JNl 5 jJL* Jajjj ^J* jlSLoNl; jl5 

^^Jlp jt^aj IJL* j[£j .LLJi iilSJ -Lf>*j LaJ \ jjjJis- iajjj 

lilj i CjIj^L— iJjI y "y> L^«J bj i jA-~j2s>cS\ 4^>-_j 

^ji oiLj I -La j-c- t Lg-o >^j>- ^z? 1 57 lajtal j^^^J Lo 

i> ji ^\ I -La Lb t i-jLj^S^ll jJIj JlU JLjLcJI ^-L^ 

-Lai t (Moore's Law) jy> jjJli j«— >Li oL>*jMl IJl* Jij 
^LlluJI JiJI iS'j-Ji (Gordon Moore) Ojijj* Ji>-\ 
jLS' o.>Jj>t» o-L«>i ^jJLp L* j-^>- olj_^L-ojjl _ydl J-Lc- oL 

JjjJ °JjL>- ( _ j J-* ^^-L? JJL>- jL>-j .1 j-Lp <LiL«J t—ic-lwiij 
Jl Ibli £l^l ja j iUlSoJl yMjjJJ a*\ (2000 i-) pL^JU 

vJ^lSL-Jbj a . Mait-^Jl j^Jl silJi ^ L»j Jp-^Ul j>-Lalil ^ J jJLp 

U_J--JI ^jyLSJNl JiL-jJlj ...L^J^Jl JLiiVl oli ^L'L^Jl 

.i>ipjjjl 

oLil pL^uJ ^1 j ^5Li™Jl olili __J jJdaxdl ^L>«Jl jl 

oL_j/l 1 ' * I? C-lj I g A_P j '■ ./? aJl J-Lj<J|j «Jj_>tI_-wwaJl 0*>L/5 j_«Jl 

(Microwave (Jjj-SLjLoJI j_»Jl a ^jJl oj-wL^Jl cJ*K~& j_«_!l 
.ioj^iJl >jUS/l ^uNUaJl 5jUN io^^Jl oljjj^lj Frequency 

o-LLxjj LJLp ^^-i ^j-J' ^La j-« cJ*K*j3 j-<Jl oL-Jil ^ c-*iJ 
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jl kill™* <_!*>li>- Oiljj j^SvJ^I Jji-Ujj aJ-s^ <UJ> oj j-L 

^ lJjLiw<Jl (Herb Kroemer) j j£ <-jj-J» y oL j ySUMl 
^Jl ;^pUJI £l-UL->M 2000 ^ *L>>~iJLJ J-jjJ Sy'br 
di! ij iJlill ^y ijji jLLa 600 I y-p J^jJL yl! 
Lol .1957 iu* kiiJij qpLitMl jy~-jJly!l y °y *^*-t ^j— 

y (Kroemer) ^ j ^5 ^Ji (Zhores Alferov) <_i jj-iJl 

ojS^ j^oJl L^ix-Jilj l_g_«_>t>- jJw^j oljjj*iUl ol* jl .j jjJl ( y 4j<isLj 
^jLjNl o j j-iJ 4-^1—1 oJL5 1 4 ./? . >■ ji\ \ $ : a 15 j Lg-5l, . ■/> c-ULij 

jJwJ ^. ,s> -J\ 4JLJ0 o">L^ j_<Jl oL_j.Ml oi_» jl y^- yj 

<Lalj»s_a ./?" 4_1«_P 4_la_^l j-J <Lp j ,J1 a LgJlj I j»-SvJl JpLSJj <L> jjtjl 

j*^L>«jJl Jiy ^y- 9 l4_oLyiJl ylj la 11 jj^-flJ ^y ^_*J Lg_jl Ml I LIS 

yV J l5 ^M-^' ^ j <*-j~<Jl _u^Jl jl j^Jl diSJiS' j 
^Jjj ^y^-J oLJI y^LJLi! Lj-L^J U o-Lu«Jl (JjLwv jJI j-iSI ^ j-Jl y^*- 

.oL j j^J^AJ <L>- j^Jl *S j>zi\ tjsJu ( _ j Jlp 

^jjLC- OjLoJl j j "ij «-LLjJ j> ; o '/> " jj-Sv-^-^Jl ys jl L^ilj JLaJ 

oLijjj>Jl 4^ai^J jL>J^I £wzj jl jMl LxJ^j •L5^r-°J-'^' ^LJLJI 

jl ^jJlp aJLU Lii yjJ iL^>LuJl (jljiS/lj i alj^Jl ^> ^-t-\ssS ^y^J 

^jjJl^I jl (J-asI iaj ■W j j- : * 5 -~ a j jl I^SCjj <Wi9j j j5o 
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y^f- ^ OjAJ ^jij^ U^>«-i j\ \jL>X~P Lw« -Lp-lj JlS" -Li! 

Lw^-flj I J^r*^ t _5 J ^- ) ^-'JJ j-* 1 -^ 

jLJlo 30 j 2005 J*>U- i^jj^Jl j i^LJl jj j^J! ^ jj 
y> j - -uSjJl SjLpV N jJ _j .k~° i_a^r ,,^11 ^ 

^SwJl j-I^j - LJj^- jl ^15 *-LLi olS"! - Lojij L&jLLi 



http://www. biomedcentral.com. (1) 
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iojljT -k_oi Jj^j ai* ^j^Jl ^JLliSL 4-..,^.>, » -JL^.V I ai-a, 

J ^ j JilJl ( _ J >wJl L*LW; oU-Vl LoL* Ijllil 

L£ Lo lili iL«<ajl 5iJL>t>i e-LLiJl JL^i o ;aj-^* ^iLo-i 
.y^l ji *L«Sfl LMV- <>L"*i- ^L^ LO*i oUa^Jl ^JUJ 



oil 



U ^ja> j-JlI iluli c~wJ l^x£J jLUj 11 L^UJ UjIS ^ ^1 



f\>\y> ^ g\>^*~ «-L»JL) j> ja> jl I jJ LJ ( j^- J _i«JI jUiiil 

.4-«iU A L> kl^tjjj JJ-L> f\}j. t l^jJwaJ 
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Ol j-LoJl jl .UjJLS (^j^i «.,^T . jl . Jl ^ UoJlp j\ 

LjLXjJj^ j» jJJ (Goliath) ^LJj-e-j (David) JuLta ( ^ rr i <JL>Jl ^ 

iLf> J5 aJjLp ^jjLij <J">U>- j» iiL~» 

1 ' k - J ^~ij- : ^" '- g * 1 3-L> ">L>t_« cLLta (Jj_> <lJL>JI .^"j 

i ( _ r LAJ_a l _ r «_j > j> Is*>Lli-l ^ j^lj>JI ^ (Jj-^-^l L*Ijl>-I 

^Jls- liL>JLf-l t ,JJ1 N jl L^-j Lo ^ji Jil jl lol oUjj_>Jli 

.aAJ>Ij Ji^iJlj j^Jl 
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Lo-Ilp_j .<w?li- Jliil i^tj^ qjj 1 '4*d_/?^ ^JLiJl (Jil^oj 

^y> J^15 ^bJ jLoJl jUUaj L-*-b-l Jis j ^liio uiyui 

cjIXi^>J tiii- jl jli5J _jl j»Lxisl : i*—L>Jl <jL>JI oUUJI 
t oL>-J-Jtj oli J_-"!A~- L^SvJ a k. ... » Ju, i^K^S IJuJ ( j*jj^Jl 

LLaJl» oojJJ (Origami) ^U-jjj Vl JJl* <_^a j 

iU->- uLaj* l _ s jJI 5 _ r UJl « . <jT . jl . <_p» J! ^jJL^jj 

J! _j .iyiUJl ( _3I ( _ 5 ^waiJl SjjJUuVl ^ J _pJlS' ^y* ^Jl 
l yJ jy AS <Jua> <L>L5 k^sSLe J^-i>j L*L~>-I ^ « . . jl . ,_<;>» 

L$J j_^5o JJ jl a^wwL- L»l il j _^So Ai j .<_£ ^i-l j o 

oLo-JbcJ lx-J ULj'Ai- J^-l^ k — J '"-*-' j^J' • i_s~^ ^IS^JU h_jI_^p 
j>_jjj -Lai i oLJ jJL-o jjj j-a j_ J Jajitj -Li « . ,^1 . jl . ^pfl Jl 

aJ^p ^ L">UJl j»-~iJ U-Up « . (_;T . jl . Jl <L^Lo oL 
.4_L>Jl LgjQ i _ s Jl obwJj jJl ap j^r^ 

^1 ^> ^ y^Jl 

L^J^i <>r„,.,->r Il ^jL-jjjJI pliJl <Jl>JI ^Ja: ..." ^J lilj 



.JUUI JjjJI ;j -.(Origami) ^UijjS/l (*) 
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Cy.j^° j-^ **• a ^~>^r~* s t < ; jjLS' <L?-jJu J jr^J 4^L>Jl dJtAi>- 
^1 j j la : i jl ol jJ^*i o J_a j-^p j-S^-j (Polyps) 

jJj— -Jl iwJaJI j-« jjJwj iw. la 1| jLl^I LoJ Lx_J t jUs^* 

^Jljj .(David Ahlquist) c — ^jiLJl JLLb j^jlII U'j_^j-_« 
i^y^i I _/*Ui saJ ^Upj-Jl fJJ-^ ^JsliwJl 4j_l»Jl jlikol 

jl iSj^=r j j>^i Ujllp oJj ^.U: „,J V ljL*J mJU- jUu jj>J 
I jJj_»_j jl i^~>ij ^LJl jL J jJLJl jJj ?L>*>L>- i L»jj 

bJbUipl ^1 ^Jy..:,.. dJUi jllpj t iijLv ol ^ J~^' jl <j _^LkJl 
Jij .j yill ^ j^jU^JS/I jjS^j jl JJj jU?j~Jl jLiiil JJ ^SLJl 

t C-ij j^yaj^kJJ AjUwsJI Aj^jUI L?-jJj^ScJl oJ^-L~«j >_■ lall 
^Lt53l ( _ 5 Jlp 5j_LaJl ^_~v^j Ulju ^^Jl N-Ui 



http://www.fda.gov. (1) 
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jU^j-JI L>». SjUl 

IjUaJLi-l) (Computed Tomography) <-j j_^L>JI I la .».lj_> . U 2 » ll 
(Magnetic Resonance ( _ s _^ r JaLJ<_<Jl ^j-jJL „n "Jl jl t(CT 
Jlj L^_J 1] ji^Ljl ^J-JI Jl ^JU (MRI jjl „n-M) Imaging) 

t i-lo^ j^*^ Vj^iJl 6 Jl* o jSj t iJj>- jLLo iSyn ^i* 

(Shuming Nie) ^>j-i SL-Sfl fli 2004 iLu* J j 

^JiiUJ AjjjUJI ijJLJl j»lJixX^L; l~r jJ j^Sul) L^-j^>- J_g_*-o J 
p£ jd\ ^ JJJL7 ijUN j L*>UJl ^k^, J^ 5j ^Lo ^^p| 
J ^-SL*-^ jll>j_~Jl jl p-a^j^ij J Ij-llij / 2 ' 'iaii jLjUj^-Jl j^- 
iJ> 100 j 10 ^ L. oL>i- j>-U- J-^j Ujc^ J_ix~Jl 

iJLsxJl J ^i>t^JI jUa^Jl j^i ol y> jJLp- dJJj J^J ' iaxi 

J L^,L_^ (MRI)j (CT) l ^u J _J> SyH iS\ U5 i JjVl it-^Jl 
^L* <b ,-a.\--C (jJUl JL>Jl Jl OjJaJ ^Jl »ljjSfl JlS ^iULl5l 
LjjU olJ-ij^ e-L-J (_gLi ^Uj .olj-sJl {jy^h* j\ i—sV L> t ^jbj-kJ! 

.Jaii jlb^^Jl Lj^Uo (J-^Ju CjIJuI j^JI oJla ^Ja-* J* iJle ijtiol 
<Ljj jl j-La_]l J ol~LJi> j_«Jl oJua j-*- 5 "- 4 ™ "'^ J-! <_S^ fjj ^ " • J 



X. Gao [et al.], «In Vivo Cancer Targeting and Imaging with (2) 
Semiconductor Quantum Dots,» Nature Biotechnology, vol. 22, no. 8 (August 
2004), pp. 969-976. 
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.jli^Jl 

<0 jJtj ^jjj.k'.tl 4jL«53l 4-3 L*j o^Jw j _j5\j jl y^SlI i- . 1 la" j t <ul-Li y> 
j \» I; oL~>s^Jl oJL» ^j-^-; j^ OiJi »_JJa^i jjkj ij»J_!l ^ 
j-m. » ll JL»i ^j-S jLSj .oljJLo j_iU o j_JLp _j-?»_> d 

i^iL^jjj! <L-JL>Jl <J~* *^ \>i-i Cil a.lall jJuCLo CjIjI^jJU 

L>IJl>- ^^-^Jl J-«-?«J >-^H >1 -! jt-»JaJl ^ ^-J^-^ 1 -^ i-jwoJlJl j J 

^j^aJl ^jJI Ij-fJ tL>t~o Lj ail J^>tll L$j ^JlJ ijUaj^Jl L*>L>JLl 

tLiJl iwojl _^>Jl jl ^Ul <i jila i_~*jj| Jla tJI^Jl -Li ^^Jl! 

jjj jl ilaij o^LJl J-* _/<-m aJl <LaLx* ^Uw^-- ^ybj 

^tjl^j t iJjjls <L»jfcl li jLj5L~* jjlll IJLa ftLajj OtlJ (^JJl frj^aJl 

j^iLJl JsLij <j •. ^ > ^ yi>j .jjj^l Laj^-j ,_^Jl ~->«Jl 
jJlJ J^jjj *Uj <xSwJl jjlll ob>-ji Jull ( _ 5 k*uJ *ijjiaj Lf4Jl»«^j 

f-L^J jjLc ^^JLp taUxp-l SiUJl ixiai J£-i>; ^1 oljjJl jjl^Jj 
LjJI .iJL.15 

t-LJA t-L. ^ b>Jiij<i tjU- gjl ^jLp j»iC!l jJU v_ik><J JlpIja)! 



J-i-li 5JU>-lj i-frj^f : (Matryoshka Dolls) i~-j^JI ^-dl («) 
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OJlS' Oljjjl J y>- jjJJ oil j ^lSsJ^U lj> L^-~s>J\ 

oLLjJ^- Jaj^J diJi J-x-> l_Lij 
L">L>- ^1 JaJLs 1 ■ 1 L. ■ -' 1 '■ g ° '"-- , ^-~-'Jj-! iJL^J jLaJI 

jlSj .iJLkj-. LgJ jS Jj^j ^Ji; ^1 L^UJl diL" ^1 t L^L»- 

ejj ,,n 1 ^-iLkj (_£jjl ( _ J JLiJ^>iJl ^LljLoJI Ijj5^L^5I jJ jjJLL* jjjL^-Li 
0>Ll^ Jj-JI jLUj-^ Li">L>- g\a ... t _ J -l_P jLiil ^ "WjU- 

.Oil 

OJl5 L«Jwo jv^JI <Ua-aJ ^1 oJ-^o j <U_»-/2-a 4XjJj>JI j^o AjL^j 
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JJloj <LiiXi LgjS/ t |jj>- j^^-a Ajj— < J-^" t>° 

.AiJu jv-<w2 

4 Va 5 *■ JilistJl ^ JlpL-J iJjLf- oL>«J 0>^j j _Lai JsLaiU 

io^L* AjL jJaj iiLb»JJ 1 <2j1 j t ^jjl y>t^i J aJ jL>t>i _ i^vjLf- p^Jl 
.<■ j.siW L§Jmt>J L^J j^lll j^SCJl ikii ^j-o-yg AiUaJl Je- 

^1jLh_J| ^ysl j->- A--iLL>- ( _ S J- C ' A^-aL| i»LiJ Ajjj 4_JLS0j| jl .a_«JL><_»JI 

AjUlj *JjL>t^O jj-i-* 0 j£c~*1 ^-- M jJ I aJL^L-oJI t J ./?ll 

j-ii jS\ ^yi-AJ Jajlj jJl jj-a iJiP i aJllJ i^jy^ J_^*>L* 

JuJlp , ■ ■> /^ip-Ul j-o yS/l twJLkj j .Aa.lall oJla ( _ j 1p aJL^iiINI 

■aJL»_c- lju ijL^Jl <uiJjjJ! as. tall j j .Jaia oJ-io a^i^<J| 
^jL^J Njl ^ Jij .<u^Jt^u-l ^ j-*^J 

L^j- Jl oJ-^dl L^o^^l ^1 ^1 J»UJ oL^o jl 
ajUj^>- o^ij A_JliL)l ^jjijju ^1 c l-a a ^ oL~jNI o>li»«j jj oils j-*> 
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L^-UJl jljJ^I 



JU CuL^lII ^1 ^1 
,4j^-iJl Jl oUf^*- 

(Nature iis^jo ^y> iasl 




^~*Jl j t jUsj-Jl L}\j- ^jP t_<Li£Jl pj" SI t ij^Jl 

( _ J l!l SJaJilil {yt vijL*_J^II «-Lj-j > jL..^ -Jl jLaJl ^ Jjl^j JUj^j «-_j-^> 

. jL~j^ll olz»<j Jl jli> L^j <cJL>- 

^Ji jli ^LJI ^ ^^Jl o^- JJJ jd IS} 

J_«_«j jl oLs tijjj^wi <^>-l j^«-Jl cJLS' Lo ISjj 

Lo^> t«LL>_><Jl j!AJ>- l~bJL>«J jUsj-Jl ^jj-/cJ o y^~j> nil?-" <ULja5 

.^A^LoJl ^jj-il ^Ij^J 

Ji j^i t <u-^dj Jp <LiL*s>l oL™^><jJ ^j-^oJl Jit-I JJL) 
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.LfJI iajy ol ja JJi jjuJ 

Lo Lo^j CjI j^i^oJl ojjmla ^jSL^Sj JSj .CjL~j>wJI Cju^u 

.jlis^Jl ^ LoLf.1 _,iSl £l_^ Lisl_^ jUil 

J-lp jU 4jjJbiw.ll ol ^JiJ^JI j^i jJLp i>-L>Jl j U-Ufi- j 

( _ s Jlp jl _^J*yi jJLp jjU<^j '-i-r^ ^jsr*' t/-^ olJLi j^Jl 

( _ 5 Jlc- 4_J_^i> (Barcode) S_u_e-I 5 jjLi ^LIwL ^li IjJ .LjljJl 

iLo . ( _ r s>L^il ila^l 0J14J ( j5^«_>j .i_i!l iLo 0 ol yLiJl 

j_»^J|j oL^jj-Jl oLiLis (^jjftj jl ^~^»Jl jl jj ./» " 

i_aJL£Jl j.* I'-j-'r jj-^j j-^-^-d .Jl?-Ij jLjS-I ij j-ilj i_S-*-*-^J 

.IjL^s IloI~j>-I ^ <L~j£j cj! pLaJI 
jl ^1 (. jJijJJ Li^ jL5 (^U 4.LL-^ <^JlJI ^.»LijJl jl 



Mingyong Han [et al.], «Quantum Dot-Tagged Microbeads for (3) 
Multiplexed Optical Coding of Biomolecules,» Nature Biotechnology, vol. 19 (July 
2001), pp. 631-635. 
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<^-lj-> JljLo isULj j»|J^k^<L) j-oJl j^L^Jl t_a_JLSDl 

( _ j Jlc- jj-S^J .SJLjJLJ; if-\-J>\ ^1jl>«jl^«iL> LgJjLij c—aJ L> lil 4_v?li- _j 

( _ r f-^-"- " ^1 i*-Jl *^rj ^ijj-x-^Jl (_r^J •f J -N lSj^-* jr* 

^yaLicJl ^ jl ^» aJIi<JI aJUJI . jLJNl jt— -=r J-^'^ ^l- 1 -* j-<Jl 

t j^L! .jj-I— LSvJl (3^ j-^ 5 jr* j»— £rj^*" ^ *JwJl islJLJl ^j-a 
jl J~S <l>- jJ Lf=r_j LfJ (_5JLaJI jl iiSU^Jl iwa—Jl i^^ii 

IJl& j jSL^j .(^j^LJl JU^JI ( _ j Jlp j^JI islij j»l-L>rj^L _ 7C £iJl Ijlj 

.^vi j^Jlj e-LlaNl <Uj l_™5J J^oj p^Jl isUS 

jU^Jl Jb~ g;l JLwJu" ^ JLi J^JJ V^'NI jl 

l^S _jJl -UP (_£U O _^>«j O j^-1»I -Xa* 4 p-£JI isLaj 4~<w ^jlp 
tj^-^>Jl J-^-li jllsj-Jl L>*>\J>- j_Jo jl LaJL-* |ji_ij-o jl 

oLaJa -la-ijJ J— <3 j-^J J— ol-LJi t j_e- j_«JL~~o ^_>x-Jl_J 
jli t j-i^J j»-J-* -Ui j^o J^J ^j^" * j-«-!l 

t jL~J^I -L^c- <Co3j ^. la: ... : .1 LJl Lf j<j ^ jl jJ-aJl ^ jU^-Jl 
^yJl j»-^Jl JsLii J-r^ • 5 - ) - p j-° Jj-^^* iLjiji>o ^yj^^Jl frj 1 1 

I JsLiJl 

_ e-l j^j>J| c^>*j iikuJl ^ «• j.,^lli t i _^>- j» JjJI jli kiUi _J 
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.^y j^JI J jjll 0 j3 yj> LkS" frl jA2*s}\ C~>*J AA-i^>U j-<Jlj 

c~?xj jj j ./? " Si o^T jJLi j j-?«-il ^»Li Jlaj t <b^l *LjI 
^xJli Jsliu i^JUtJl 4~iJJl jla»JJ iJljl frlj^Jl 

*l j^Jl o^J isUj ( v r SJ .Lg^> ol ^-jiJ^e- ^I^j 

Ij-y^S "as-j^j jj^Jl *^~"-! iw»L>- J^*" lS' ^-i-Aj £>-J' I-*-* 

^J <L*jUI O jj>«Jl *S- jAZy-* C-JJLpI Jij .<L5 yj> ol-Ui j^S" OJIo^pIj 
C— >iJ AjjiaX^Jl ^ ol-Li frLj iJlSCaj I j-^J- 0 J^JJ^ < * J "-*^ ^ 
_Lii t ^l—*' j ^->) j^f- |*->Jl L*j*>L> ^ L^xJUj Jai^J *l ^^^Jl 
« . .jl . Jl (_$l i<L>j~>Jl &jy>J>\ i J>s- oj-iLa oL-?- *Lj 
J-s-Ij iJu^ j_<Jl oLk_;-~>Jl Ajli _jJ tiUi j J^*" ij^ 0 ^ j-^"^Jl 
^ iaJLu c~JLj iiSb» ol«-~»^Jl c^>«j> jj JLii t^^jj^Jl t-iLi^Jl 

.jl . (jp" Jl oLjj^- ^\Xs^J\ J*>U» j.* Ij^^J -Uj 

lawaJLi u jjja^jl jv>«->Jl AjjjUI oLi-~^>Jl j^»_> 4^>t» ^J II . (_gl 
.4_>JI LL^c- ^i-i^j «• j-i> ^l^j| ^ 

Jj Jj^i J^J tolil j-^l ojut J5 ^-j ( *^>Jl j^l k-^iJ 

^Jl O j^x-Jl jja-lJ ^yJl AjJ-JjlJl j jAj>JI JL»I Jl j^j-l J^i J-Sn-«j 



Larissa Levina [et al.], «Efficient Infrared Emitting PbS Quantum Dots (4) 
Grown on DNA and Stable in Aqueous and Blood Plasma,» Advanced Materials 
(2005). 
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. ( _ # JUj»J| q^^JI i^-U^Jl Olj/Nl ila-Jjj 

j aJ5 ijj~ti> iUtLJl ^IjjVl IjJljt jv^Jl ^ j5LJI j_p-l ^>Jl 

O^flj Olj^j*>Ul J* 4j«^»^>«J J">U- l^^aj^-aJl |»-~^- ^J^J 

^cJa^L) SJjJb>- oLju jij^ - ^r* 1 ^' k_jLij JJU 4 4_U>Jl ^yil 
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( JJL«_i oLij jJlSD^II (JjJi^J t3JU>-lj jJ !j^-J> liJU>«_« - 

<u^>Jl o yLiJl i SL>«Jl ijJi>- j->~^j ^jJl ^-"Vf J 

.oLfJl oUM oUJLhj ^ y*u . jl • -U 

^e- ^Jjj^Jl J»jL_^l j»JLjJI ij^-j.Jl olili^Jl JjL^jjj 

iilLJl J^i-ljjJlj oU oj^j«_« ijjAJLiJi (jJa-Lo-U ^j^fljJl 

: <LilaXa iilij J* iaJj i;L~uJl 4jj-a>JI iijil oL>JL tL^UJJ 

.«-LS"JlJI JU^JI -ul 

iij^Ja . jl . C->l£jJj>-j Ol jJU oJLP j»J»tJ»»j OiLlJjjjj 

oJl» jj-j oli*>l*Jl J-Ss-JU j . jLul SJUi ^u^JuJl j (^* : '" cr" 
J-«-*j jl Lfi L»-S oL>JJ j^-o-i V iJu^L- Jl jijS/l 

^y> IJlJL><j j 4_JLJl Jlp L$-L« 4_Lj» j»J liU tUjjji 

( v r P i_Ll5o oLj jj-JL; A,a./j,:Lo _ iL~L*Jl oJl» J ^^JLls _$l 
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4-Lj.J ^-jL5 ?4_JJ_<Jl L*>L>Jl A^jLiijU ^jjL>.J jjLojJU 100 

oils jJl jJ jj jl _ 4 la : >«_<JI LM^Jl ^-i-^-* ^iUi ^ L>_i _ 4_Jl>JI 

£^U>I iiki^Jl L*>UJJ t ^5U J . Jj» il j-LJl ^1 ioj^Jl 

U lil IfcSj^ 

^Ij _ o">UliJl oJut ^1 ^kJJ ^ iilw ^1 Lii-I ^ 

.l$ip UjJ JLi ^1 Jl*l! 

oLw^j>Jl i " jl j^SCaj -j^-^ ^jj j^-" LjLJLioj (_j jjLJI 

^^j-S'jjJl e-L^>ul_j o j g all lJwj ^^.^Jl ^.,$"11 j JLr^Jl oLjj _/^1j 
oLXjJj>JI e-L_«_*5 ^ jj-^j Ll» 1?" .il jJ 

jjjLp ^jjf- JU g i jl? t LjjJLi) j^S^>ti!l ( _ 5 Ji-C' j^ij- 5 ^ j jSc^ L»_i ji 

i^JoCJ jl jl I 4jlS\Jl> j»_Sc>tXj jl jl I jllpj^Jl ^ffl»u jl Jl I 

Lj^^Lj J-*^- i L«->jj .J-iNl ^^-Le- 1 g - ^ ■ » jl j->«— iJl ^^-^ 

ol jLe- L_jLi?-l cLU g " jl jl t c ^J! ^v^—t J I e-L-^> J j->«-j 

.o^JajJI AlJjJl 

La J .<LJ~J| AjLJs jJl jj 4_oL? + g a" ^^J-C- LjJLpL~J <-JjL>o 

CjLjJj^JI iJmJ i— i-S' ^3 jjcJ 4_L*i i^c. jl t jiC»j (_J-Ul 
.L*>L>Jl ^^wH ^HJ-' jl L*>L>Jl Jyi o.ij_b>t» il9 ^j-awi 4jUj-<Jl 

jl jJLSw jl L*^L>Jl <ulL^i_«JI oL^ojj—JI ^-a^J ^Jl^Sj 

C^jL^ ISI t<Jj>JJ ij^^xJl iU-^<Jl ^^Jlp 

.Laj^p jl Lfiij^S jl LfJjjl S^oi ^ jl (.Lj-e-jlj jl L^jLJ. ^ 
.<uL>Jl j^f- ijL>Jl LAiI oLJj jJl j yc~*j 
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dJ^ULo frl L>^\i>- ^j'i i\ j\ C-j\^S- ^y> pJt^a J-Lp JuX^J 
<lSwlj 5 j3*->- ^5 j ■ g j*-™",? -Lp j-* L^L-^ljjJ <J.,.,<? a", a y^->- 

j jjj ( _ f lJl J_5l j .... II J^w^sLjili ib _$JL>- ^ij-V! ^ jJajJl ^^LLi-L) 
yj| L">\jiJl j^4-oL»^aI_j '^jJ^JJ (U Jj«-ii) ijlsxi-xlS' 
j_j jjsiJ oJu>-l_j ' >«_™JLi d.— .«.J Li > 5\j>tJl Jjlj^* o>lx~c-_j , ( Jl- o 

o- 4 o-^j • J- 51 — Jl i>* (Q uart ) (<s) ^ji j^-!l o-* ^ ^rkr' <y 

cJj^l ^Js J^I_^j £j~^I L;*>UJl ^ ^_JLk; jl S^li-Jl 
J_jL>tJLi jjUl j_jJL> ^yi-ij .^^oJljJI ul~>«_Jl jJJ jIJlJL«JI |JL» 
.^L>tX; jl _^Jl oJU ^ (Femtolitre) ***^iJ 

^il ifljlj 4— 4_L>iJI ( _ j -^>- _jJ J— ' /y J-*-?^> jj*^J -Lx^jl 4-Slol^~o 

jSUj "ULitJl j-^-jJ j_i ^ jijj •!-$->! j*>- ^1 I g 1-a ' Jjj L^-~--' 4_Jl>«J| 

<L*ljjJ jt-JjJ-l ^ijj-ll ° j-*Jl J-*l- : f c - /, 4-L-"l /j-^oJL>tX^w» jv^lj^i"- 

<\ y>-\ iilij _ ^^JLp _ j^^^cjl ( _ J lf- J-4-«^ ^jJI j-o^>w»Jl jj> j-»^l 



.L>- ^oji 
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_ yJi^sA\ • iS j^->. *-* j-*^' a ^-* J^" i>* u^-d^-* 

|JL>- I j iJLi- j..>../j LgiLt£x~>l i >-l jJl iwijVl jl 

0_^j jl £_^Jl I A* J-' ty-^-*" <^>^i ^ ^ jlk<Jl • Lf ~^j ^ j. si* 
J-*-*-!! (J-"" *'J pi, ^-g-aJl l ^S^J' p la.^ jlj l^»Jj-» 

U kiii ^y^ pjkJU^LJ itLJl jlJU J^jcJ iilij ^y^ ol _ /r ^k«Jl 

. 4 alaV.a <UjjJaj sL>«Jl jlj— 'I jj» 

^UljSU-lj filial j-JajjJl 

^.g la,., oil ij^ojjLJl jjL^woJlj oUU jJI ol ^jl?^«JI -lajy 
^-r-" LgJl i» jJlj cjUJl jl ^y^^Jlj ^L^-Vl - ^y*- j^Jlj 
JLil ^1 jl~J>l U/^l ^yJl JJL»wJl oLJl ,i ji'V f Iju^i-V 

jjJb 0 J-*-*-' liL<Jj i_ LS ^ ^ ai L>Jjj«i 
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I^-£JI Js>L«J o-pUa : .J L> \i\ oU j_L*_»Jl ^ . - >> "» I ^L-^-JL 
JL^ijJ ' L$_*<j>l Li*}U*Jl ljuwu" j ijjJLJl 

■ ill. ■ Jii j5Ul ^1 - s<aJl ol j^ij ^C- 

jl5 lil < ? LS 4^- jJ^o ^ J^-^l L^k^-I L. % 

j (_$JUl La j .>_jj_^J! Ijl^J jJUa < cjl ^ iijjLl 

£-*i> j Jjj>tlj jl J-J _y-<J)\ J_>Jb>xJl J all ll J jJs jj-Sw jl i— ^>«j 

^ji ^S/i 

U>-jJj^$\lll Jj^Ujj .iai>cj (_^l jji (j^J <i~J <Ujjlaj oL^xJl oLyy 

.jr-ftjl iiU>l fr(w^ j-»Jl 
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s\Ja diJl 



^Uaj J-iil U L!>Udl J jl Ju-»i; L>_lp jlU^-Jl iijj jl 

jl V^SwJl jjJl>JIj <dxi^o (_$JJl Lo ^-^J .ojj^aJ (j^- 4 -; Jj' - j'-^i 

o>L> j-L*_<Jl oJla J-^ f-L^j i— ij ./?:ll U ^jsl^ 4_> jJLJI L->- J 

.<i~>wl J^^.j **-^>. J-»* J-^ j 

Jl jlitfAJ S/lio pj| jlU^JU jL*-£Jl ^-^UJI ii> Ja*; 
ii-~>- <jjjS!I JL^I J Js J ^_^Jl ^.ij^-j^Jl jv^^Jlj j-S 

t ^..^»l ^_<Jl L>*>\_>t_Jl g " i JaJLs jjl a a 1? ', a 

^JJI (5>Sfl ^U-*>UJl £l>l - ^U-£Jl £%Jli 

Jj (,i-b>^» i_3J_» Jl oiJLw^Jl ij^jJl JjLaJL a~JL!I jJJJb ^^-J j 
>w>j-L/g <Jl (^iSlI J-Sy (Carpet Bombing) JjL~JI ci-AilL *~>il 
ol_l»">Li^l ^ykj^^JI ^JLxjj t jUi^M JLa.ftj j <.iail_~JL> j_*JL!l '. <J 

,y> ^/ ^JlJULJI £^l jl y» JUJI ^oVl 

J^. ^ _ jLU^Jl L,^> SJluJl UUJl J - 
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Z^ 5 OjJ^S j-^" \-^*-> J*^-> 

.ijLjl ■CA^tll -XC- j^o jj->«J ,_y^"J tj-"^' 
^^U- frL; frljjJl oLj^- JUfljNj ^yijyjl J» frljjJJ 4j>-L>Jl 

_^iLvU JLf«w ^y> (Bob Langer) yuN jj Sh~-^l 

oL?-jJj^5o Jj: J-^^l ^ C~a-\i frljjjlj frlJjJl i)L5jJ iiiljjjl 
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«-L>Jl ^ LfcjLLzJl Jjj Jaii 4j\,./a.o.H L*>L>JI ^It^J L-*i j_a 

tjlis^r-Jl 4j_J.il oe-Lji" iljj jl <ulj C-JjJl ^ i jSL^jj .,Jk\ U <CjLL> 

J^i- L. lil ^.j-Jl J^J jylSCJl aiUJl ijj/Vl jV 

Ldj^. ^j^I JLa,N L.UaJ jls- JiNl JU> jNl IJLaj 

j»JUU^~Jj .l...o.>5' j-Ul j i;i-L»jJl fljjS/lj j»JLiuJl ol^j^Jl jU»j_*i 

£jj l v r «) l j t j-JiJl Jli)l jl_^o jJl>JI oLLa! JioJ j -Vij^m 
(_5 ^j-l 4.1a. ... i 4_*iijl ((Habitrol) J j j^jL* j (Nicoderm) j»j_o jSLj 

j»jL>^^uj -cy^ j- 1 -^ ti^-i'L) fZLs^s JLaj^/i 4 <> lj >Sf 

jUsj-Jl (^jJ jj'^l ^-a-jlicJ Uajl JlUJI j** tljJLll JUa_1 



b>- (Judah Folkman) jL>-£J ji ta jj>- j-i-^ jl£ _j 
oLjip-uJI JjI jl jl>-I jJ L gJ.. < a.jL) cjLu*~~JI JtJ jjUjLa 

^ 5Jj>-lji ' _y_pl '■{J^iJ OjL5 <Jjjv»j frljjjl JLa} <iJL~° ^ 

^4>Jl jl i_J J=»=Jl 4ia^.ljj 0jJj>wa ^ ^-ij^' JLajI J^L^» 

(J jJaJl ^iS"! ^Aj«J1 |Jj ^Ja JjJj«J 4-^jJL) frl jjJl 'j& j ^U~o oLj 
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1 < '.a £ \ *uj\ j£s]\ <LL jJaJl OiLXj^JI ^iJJu ^y^j lOl jjl 

^L_J JJp-LS (. a II oljLL>>l JsLLl^j j_;IjJJI 

^-i d_3 oIXj^>- oJL5 iJLJkJl o-Lg-ij .^^ajj^Jl J5 ^^-H 

Jjjl LoJLLp Oj aJlSs-JLoJI j^^sJ • <j-"j^l y^" Lg-» ^^^a ^-^J «-Ja*j 
j»J e-ljjJl jl il t o^j^JI oluJj>Jl ^1.3 jJUjJI jfA>y £A If^lJLsw-l 

^yt ^SL- i frl jjJl SJuJj>- (_J jia JaLjJLwo L jl»S\j jij 

,aXi^>J| ^Loj jv-^^*- o>ls L jJjj (_g ^>ej ^Jjl-o'VL ^ ■ ' o>l j^>_J jjl 

JJLa 1 i -,h » . 1 4-Lv2X-«Jl j-ii]l 4_$L-Ji tljJiJl oljjj^- 

Ufljl I j <Ji ./9"oJl (jLajSfl A^L^i (j^—xj (_gJiJl _lL>Jl jl j*?- 

(_3*>\J=>| ^AJ JjJ.^ diJi j^J^-aj tfrljjJl ij*>U=>l ( _ J -Lo 

j»^>- d^Ai- viJJij t^—" uriJ La 

j^_j>I i«jjl 0-° <£-j.sj^-!l ^jXij .^-LiuJl ob~ujjJl jLU 



£^>L«JJ i_JL>Jl ol^LJl jl .j^->Jl y Uihs>^ *\y>\ Jl ^IjjJl 
j» \yS j Jil <p LajLLl^I ^ I JL! t Jaii il~iJl L^UJl l _ r -J j 
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.^UjJI jli.^ jNl 

l_J^UsNl U , 4j^_JjJ| ^jji^l Jyi Oj^Ji^ OiliLsj £-^>jj ^J-i> j»-J 

.Lj-JiJ U-^Vp I ji]u jjjiJl ^LojJl jLUj— j» j» Jaii ix<Jl ^ 
.1996 ^jJL-Slt l-u JLp iiil^Jl *ljjJlj *ljjJl ^LSj o-alij 

JwO_-J j .^jJl (_5 J*>Vi>- J-£J I g . i^JlJaJl JL>-_^J ^rr^ 
(«-?«->- Oli Cj\Sjy>J\ ^IjjNl <L>^~Jl ^UxJl J ■ ■/? a: 11 oL^JaJl 

^yjL-a-^SvJl ^">L*Jl <LoJj>tJL™-<>J| o j-JwlJl kJjLLiJj>Jl ^^jSv^Jjj 

jl CJ15I lijj^JllI A^PjVl jl>b>- J^Ai- jl ^JL-UJI 

^ ->- ygjl I 4_*^iJLoJl J^AJ ■ ./7 flj (_jl jji Jyi t^J^^oJl ^J-Jl 

^1 ^ o>IS ^I^JjJl Ul .iJLUj 51 dlL" Julio 

L">UJl diii jlip LfxJl^j fljjVl e$liJ ^1 aj^t^JI ijPjVl jljJL>- 

.oUlil ii> ^Jaj iJLlsj-Jl 
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^Jl o ^^1 iJuJ £~^-> 4 J jisl i-UJ j»J-!l ^ ^ ^yLJ AjjiSlli 

^ jji^-Ul Jt>-j Juii t <L*jt.„L< iJlxi oli iJlijj^Jl <L>«~jMl 

.S y> j^v-o ioUJl l!>U«Jl oj;S ^ jl jlL>- ^ 
iiLtJl ajj-sS/I ^jLp oJLu>»j jl jjtA jl j jjj-Ul Jj>- j j 

<_JaJI 5 jJ^s- oJL5j .i^^waJl ^ V^S\y 5JL5 

^jjL>tJ ^Jj 2003 <Lu* ^_^>tj 4j j^-JjJl 4jj^Sll oJLft ^jj> <LaJLl>s_« 

4«Ljjj>- j^5l j jl <L5JL)I ijj-sVl JuLJ» o^^^LaJ ^jSLv-jj 

J-*^*j UsjjL> 4ls^2j_p- jl ipUi ^ (Liposome) ^jjj^JJU 

La ^Jai ^J_jj l. iJifll j»J-!l (_£ y*^> JtAi- LfJui^- jv^j l _ 5 ^Jl 

.<C~«I iijiaj <du^>d! Ijli-ta e-ljjjl ^^LliL j» jjjj j jZa 100 _p*J 
oL«Jb<^ ^Jj LyLiol J} ■/?" Li oLtj^sxj j»_jjj^_JJI (^ij-" jl ^j^-^i 

oJia j -Jl: IJJ .cvwwjj- £jj ^1 J L>ju_p L*>LiJl L$J jj<j 

jlj-?~ ^_aJ_L; <L?-j^}\ oXA Jl_L£ j 4jU?_ r wJl LMi- ^\ oLcLiiJl 
j»jjj^Jl!I ^jjJjj -lJ->- j^^l («-»*»«-! I 4^1^ jLUj-Jl <LL>- yjja ^jjj^JJl 

L $jjjLS' jU?^»r i^JLu^J j»jjj-_JJl j>ljLj^u^l ^jJ-^ iiilj_<Jl c~ «J 
.jjj^l aS%<JI i^i (Kaposi Sarcoma) 

^^i-jjLaJl ^li-dl ^Uaj jjl^li jl A-S'JJl j»jjj^JJl JjLJ ( _ s JLp j 
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^jJl (_£ J>yJ> > a .la'." i ^ L>*Ai- klLL^j (J^ 5 t^—~>=Jl ^ 1.5"-*-^ 
jl Nl tSljill 

(.Lfjljjtl J | i5jJl JjLiJl JLojI ^ ajcw<^ p3_^JUl <d»U; 

j_^Ul fli IJU 
.l^lk*; Ji ^1 L*>UJl y> d ^ yc; Ai ^ JJl ^ ^^Jl 

jUUj— Jl L*Ai- J>Jaj<J «L«-5 IjjLllS^i jl Uajl e-UJuJl J jL>«jj 

4_*P^I ^.^Jj ^J^jJl j j£*J 

.iU^I 

^Uij ^lij toJjJu>Jl 4j_j»jjl A^Pj^ll £^Sd ^HjJaJ j*J Ji J 

ijjiVl (j-«->- J-^<-9 tijjiVl ojLas 4_JLxi ojLjJj jj^-* *JJ^1 JLajI 

V^Ju>- t^JbJl k±US L^J jjSo jJ j»jJI y>^> ^ oj^iL^o 

l^J j_^SL~j ,_£j_<Jl Jjji» ij^UsVl "—^y^y^ 1 ^j>As>*x~~a 

^y> j jjLxj frLaJl <W ji ^ "UjiVI oJl* oolj JLi j .Ju^- 

4 la JLajVI ^\ la I C~*~U>t^-ul U>JJ_P jjJj_aJl jUs^-^ 

*l jjJl JLojI u jJu-l Ul .^L-SJI £*>UJ1 ^0 £-*j_JI ol j-^J jJl 
. ( _ y s<5 jaJI yo JjJjJI j L^j^-JI ^_jjL>dSl j j^jiwJl 4je-U5 

£ j* Jl i>JL>t<Jl JU<2jJ ^ J5LL<Jl oJl» 'Lfe^ JjcJl j-» 

>, a". .,^11 j g ... 1 La-Lp-j <J| J—aJ jJ ijji'yi jli c IJlSL*j •sJ—T 
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<ujLSo jv-S^>«-J-i 5JjJj>- i_j <l*jLuJ ( v r i>-LJI j^a>«Ij oLjl>«JI oj-g-> 
aJLj^^JI ^IjLi^l j>ljuk^-l j_^JLS0>Ij jl l^-J-» j_ji^Ul 

_ ^Ic- _ iJjL_vaJ|)l .__> jjL-SlI lJl» -lij .i~;^~>U- i*L»j 4-«-S^»«J 

_ ^yJLc _ aJj..,^U ioL jJl ^iL-Jl j jjJl ' i c~ju> IjIjJU LjJ^i 
JLaj^I JjJ^r- ^~~>- tLg-pljijl J-J ^j-y iilijJl 

^»l-L><JL^Li I ^ o ■ i a : " jv^j jl J-.JL1.~4J I ^ j-£Lo_>j . ( _yij J ^JI j»— 

JL ./? \\ t 4jL* 4 I? , .it j.; ^o^_J (jl jl 

obL^oj ioL^Lc-Nl ijj-j>Jl ol >1 - 11 ^Jl^Jl-o ^ iljj^i 
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J-jSj>cjJlJ <L_«_wJaJl J^o-x-ll <Aj j-1o ^LjoLJIj jj-w-^t^JJ 4-«->-lj 

^yii <. 4— ail y cJ\*>-*%*S L^iji ^_j*>Lo L^^^U?} 
J^J- j.jJL> pjJl Jbjj: ^iUjL Jj^l frljjjl 

Lo pL-ao-U kiJJi ^L^-SJl ^A*JI .<ulij ^1 Lj^jJI 

^*>t*J Lw>\i>- ^jxiyj^ still villi Jj«j 'fJJ-^ L>"^*- ^yi-J 

Jl>JI ^ J^^JJ 3-2-1 ol^jJJ 

.Jui juS/i 

L-?- jJ ^lSsjJJ j-iL~oLa JL^_«-a '—'j-; dA*' 

jj-p (Michael Cima) L»_— - J-S^L* J-o-«-j (MIT) 

jui t (0 1999 ou_ j^Ss^lJ] tljjJl (j'Alsl ^ juj_>- ^-L>J 

j_Lp «-l_L;_. N jl I j_oli .^_J_k_!l t_w~->- j-JLLxJl ^ 5JL-£-JLj 
<iLij ^^i o Jul LjJw« *>15 I jjJL. j 1 5 j jjL«JI oLpo jJL^~«JI 
I^J-I Ij^Lij .L^i^l jJl ^JLLJI yL 5- Jl „l jjjl JLa.1 



J. T. Santini, Jr., M. J. Cima and R. Langer, «A Controlled - Release (1) 
Micro-chip,* Nature, vol. 397 (20 July 1999), pp. 335-338. 
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.(ejj-^aJl ^ iili^Jl JSLi jJail) 




(Nature il>t* y j^j) 

frljj^l 4.* : ^1 jjJl ^y *>LU> IjIjlLo (Jj^j jl^i- jL5 j 
y~^l\ jJ-j IJb>-lj i—jfcJUl JLp^I iilil j jj>.._ ^ g il I 

jjl^Jl oljji t |tJ>«j»Jl 4j-lsi> <LjLij^5 ijUaj j»l Jjtl~»L oJbjjJ t ]_ r ^w 
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jl-Lio (Ink - Jet) <^Jj oUjUs ^»l-l>c^l> I y>\ij l i>cA 
4k.-~.Jl i-iiJl ol^j ji^j .jlji- J5 ^ JJLJl CjJ-x- 4 

iiJj jlj^- J-? ( _ J i JjL-Jl <L_«_SL; lj_«_£_>«J jl j-y^ la ■ „^ 

l_pt^Jj tS«-li£j pjI^JI oLjLxJl jv^J iJl5 iji c~£k»l 
.J y Lj-i ^1jJL>u jl jjJ SJUJ ^»JOJl*j JsLa^-^l ^ 

i>t-iJl _ ie-L* <jjUaj Jil _ SjJuo (Voltage) ^jJ 

ijLJb -L«j ( _ r i^-l <_#r*-^' «-LUJl j} ij tot^-c-l Sjj-^aJl \ g ; . . 7 ^yJl 

.*l jJlSI jikil j 

.ajUJ y k_^>- ^y^-^UJl Lf>^>lj ji jjL-J ^jj; jl IgJ ^li ^ 

.Lfij-b ^JuJl ^>U ^Jl 
*L>Jl |» jJLi~J tJLiii^ Lo b-Ji jL cjL^I^JI L^J^-i-l la ilj 

JJLoj iUj>txi j j^J jJl - ( _ S JL& - CjUjL-^aJl ^1 jl 

.o>L>«Jl_«_<Jl jJ_c- «■! j->-\ (j-^-o-j "i-^Xj j_>- t-Lj olJL>-j 
oL«L«j>-j oL>i*i«j ol "LJ-^Jl iili ^Jl _ Lf i^ - ol^xi^oJl 
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.Jails' c~s jj iLoUJlj L! 4^J">\^Jl ipjij^Jl aj_j~>JI LiSill ob^L 



: LJU>J io^%> aj_jjsS/ I ySl ^Ll^N k>_jjjJi}\ ^jjUrdl 
1~>- (Epinephrine) ^jJj™j)/I j j_» (j'AJsL ^ jiL* 



I g a 4-JLjl ^liv.i L»J^i jMl LjjJ ii js?- y* J>J_*Jl o-L» ^y 2 -*-* J 

^ L^o|jLj^-.l Jti (j^UsNl <uk> Ajj/NI JU^jI ijajb t _/__>laJl 

4^?-j^JI (Liposomes) oLj^Jj-JJIj ( _ r ^ r «Jl ^ t-iN^Jl ob JJs 

•wlajl Lol .kiiJJlS^ (_£jjj-Jl ^l_L>tl^iNl <1>- oJU^_j K~ju* L^i- 

JLw>J <oj.il <j"^I pjj ^^Jj -cr^J^' f-S"^ W—^^j L^j*>L^ o>UJ 
j-«Nl l. 1 j»jJI L^_woLi ( _ y iJl ^LjLwa-^l ^^Ip 
^Jjlo JL>-I _^jj -*^-> ^j^j Jj-^j <l^-J-m»> 'UjL^^S' oL^***^jl« 

ixJl ^ j^-il i*-^. pJJ M ^ 3j5jiS^Jl Ji* ^ji-l il_^J 
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.1 Ajj^SoLJI olilijl! iSliaJl j& y ^->*JJ .L»L-J»-I UJl 

jl 4jj_)iljjl OLJuJUl JJLa t <La j) Ij oJl ^jj^jj oLjJtj 1 

s-l j^j>JI 0->ij i-xJi^l ol> j^>_> iiUaJl jJ jj ij^o-Jl L}U>- ^ 

£UJ ^ ;^~jSn j JlL>JI jl SI t >-! U*l j ^^Jl ^IwbJl Jju 

LaJuaJ LAjI ' j jJ LJU-I.} <o jj>- j_«Jl oUjj^tJl ^jl_JL^5l jl 

j-j> iLU SLLw-S/l Si Li c~><J <J>«Jl (3jjjJl o-ali J_oi t*}\JL* 
SL^^/I Uoji ^1 iliL'j j 4-*-aL>- ^ (Chad Merkin) 
j_JwvJl j la LJlS ^ (Shana Kelley) ^^-L^ LLi 
**-j*~> jJlj " • i_jl • jl • Jl ^iL^S'l J jjb- ^ ^»JJiJ jl 
^1 S-Ui™a frLLiJl ^Jl ital jl ^^Jl ^i y ajJj ^iJ^Jlj .iisLa 
J....,^.g.':-; ( _ r LS' ie- j-o^a o_aLi Jij .oL\>j^>Jl j-a j-^-*- 0 •5-^ J^' 
0*>L^LilJL; p_S^>^JJ <_£ jJU jjai olS i-^aS iJ^L-l J-SLi j 

.j^Sl^ jjl l _J-f-l L J-f- J j,./g>JD objj>Jl <L3L«_^Jl 

^*>IjI ^Jl ojulji^ «j?-jJUj i kjl . 'j-^ oliLLiS' v yi oJl* 

.L*L»^-I Jj-li aJLx-aJI sjJL*^JI ^L^Slll o*>\-pliiJl i<JaJl ^ <GlS 
^y^jJL ^yL^-i iil5 j j5o ^jJ l*Ju>- jJ iiSliil <LlLJ| ipl ^Jl j 

j jjjJLJI j _^j^jJI -LxJLjj (Computing) _^>Jlj Lwr y> j—Jl 

. 4i jj»^JI ^9 AjJl>J| t_~~5^Jl ^a L^al JjtX-o'y ^j^L^La ^ ^7>Jl^oI 
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jcl^j jS Lao jJLa j\ ^iJjjLwmj jS Ijlo La LjwU_p 
^1 y m^U ^ N j .US ^Jlxj^l j >1 jL^I y 

_ OjLwwJl J-J(JLa tLaLeJ 4jjJlj ^-JLaJI «Jl*-JI> CURLS' La Ijj ( _ y ^ > - 

_bJL>Jl j^o 0*>Lc-LiJl ojLvi?-} >_. » ./i; jJip ji JJL>ca j»Liaj 

Lo-ijj S-bJL>- ( J^ULa jl ^jSvoj _ AjUj <L>*. LL^-oJl L*e-ljj*-l ( jj> 

jl ?bL>i U* jJauJl ^^JJ J...la."i jl >w~>«j ^l .iilS ^iSI 

N aJL>-IjJI ULapSI ^Jli jJt 4JU2JI ij^jkl jJkj^J jl <J jL>^ 

(j-^a-J jL*j £-J> ya j_» La jS/ OjUwJl 4_w2J «-^«->- J-^J 

^ -»»■•>■ U^ cjjwaj Ijb (^JUl JuXJLs iLj^>ws ykj il_L>- 

J^jij -bJb>- jwip e-lkpj ^Ltf^l jlSUL ^Sy ^ lilj .«JS ^yajy>S\ 
^J.^gftll jUdl JIJUU^I ^j^-J I t ilalS Ojj^l) 

I *Ulp^I JIjllJ jl 
j-ojJI JJajj ojU-° ^jLxj jrij"*"' (j""^ j-° "^ij'y^ 1 '•Lap^/U 

jl "USLLoJIj .V^Juaj ujwb iijjiaj oL>Jl <up jj ^^js^Jj 
.ijjb-i^jl Lay_ali 1 |JL>- 4>t»^_Ji> e-U^s^l (j-^LI Lgj e-LA^-^/l 
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ciUiuj ^La^I iJLuJl LS^ _^»T ^ ^aJ^i 80000 

^ 4j_<Jl ^ 15 y-J, cjj^j .2000 *La^1 23000 ^jLL, 

(2) *■ 

. jUai^l iojli J-5 jl » Ji ^jj] ( j c >—i j^-il 

ojLoJl ti yS jjui yJlS- ^1^->N 5A~>- jJl aJL jJaJl J^J 

Loj^- *L»J^I ^j-Jl o_^jjjUl o_j^iJl dl? 1^ lajj .j 

^^le- o jJ Ji^/I ( _ s ^t- jT g-j L» t ikil <LH5 

j-A j^-gjjJ «L-JJLjl ^I53lj .j^^-oJl ^ p_~^Jl! iJ|j-I^I frL^iPl 



Sophie Petit-Zeman, «Regenerative Medicine,)) Nature Biotechnology, (1) 
vol. 19, no. 3 (March 2001), pp. 201-206. 

U. A. Stock and J. P. Vacanti, «Tissue Engineering: Current State and (2) 
Prospects,)) Annual Review of Medicine, [vol. 52] (2001), pp. 443-451. 
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Jajlj jJIj aJuAjJI jIjjMIj i—^jLiiJlj j»liaj<Ji! iJL-^iilll ijJl JjJbxjj 

■' 1 ' g ° ^J-^-iJ .J-L>«Jlj , j| eMlj Q*>\ ,/j nJlj Ajj-sjJl A-^Pj^lj 

^^li-ljJl JSLg-ll J^> (Scaffolds) oLiJ^ dUi Ju>y i^J^I 

UjLjlpI JJJ i JUo ( ^SU-> L^UJL JS^Jl ^ ^ 1^1 j .fL>Jl 

^jj oLJLo-e- ^ j^-x-j ^yJl ^-jJl i-Lwa-iJ jl oL~>JJ Loc-I ^_«Jl 
US L^ks- J^j^JI ^ J^i US Uoiil L. I SI j£s j 

tjlwjl l j^J> ^j.^ ^^-'^J lo-U- j^JjJ l^Jolpj tj^^i LtAi^S 

.L*>UJl J» U>1=- 

Ij^Jl JSLiJ l^UJl 

^^>xjj .L">UJL *>Uj U-UP ol~>Jl J^a^-^ ^iJl j^iuJl U$L& 
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Js VL^s- ^Jlj-JI jiS\ ^\ J^^J L>JU^ L^UJJ t-lliJl y jJ jl 

l _ r <iSI j Jl iiUaJl oLjj^ ^jL« Jio Jb-b»«Jl j JlP Ui- ^ 
.JjjjaJl J jie> ^ 4_~,La J?-l J jjJI jUl 

t-LJ _ ol jJl _ j£s}\ 4^j^>JI J^*">LJI j»Ju>»^wj 

jj^l LM?JJ jl oLiJ^I oJLa Jlp i^jsJ tcijJl oli J 
^^>«_«a (*^ xj> " ^- J '' 5 L?^! ^fr* - (J^-~^i Lj jJij i^-JLlaXj L« jJt j LjJ">^j- 

ji jj 0 j~S «u>rlj 1 « <>-L«^o (jLijVl oJL» jljJu>- .0 ji 

^Jcstj jl 1— ->>j a-p1'.,U.,/?VI aJ_^N| oLij^^JI oJLa jU \ j .j^j 
jli IjJ j • 1i ^jj Ujulp <L» ; .WII 4-JbJl LJiL»_; Jjl-ju~Jj 
JLLj ^--J j^J j L>- jJ JA>^ jl v^vi ^LJa^sNl c^Li; j^JI 

.Lfio^j j! JJj Is- ^*JI 

JL>-I JJb»^j .ij^JLJl < ij j J ~Ji\ oUjJaJl J j»ljj^~u*AJ ol j^Jl jj\ 
ji Lo dJJij t^Lul £;jl Jl ^^p^j-^I 

^yij-i ^p-'i/l £jJl L»l .j.,a»Jl frLJV AjjJlaoll o-uJl j~as\ 0 j£i>_ 

cjI J ^>_J^Jl _ j»ljuix^-l SjLpI j^-'VL; jl _ j»1jl>tl1— I L>5 liaii 
Jl?-I jjk (Collagen) j^-^ j-^-ll j t LJU-I ji 5j jj>- j^JI \i ll 
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^LJI o>Jl J, (Hydrogel) J^-jjJ-^I ^Juj 
^_~l>- LjJiLlj ^y^-JaJl j^J^L^Jl jj» ^IjJl .o*>L<aJl J....,L~-J 



<UL*sV oL-Jip J^wj jVl IgJu Sj^L«Jl JL>-^/l ^»ji>c~Jj ijLJ^/l 
JjI— £ <Jl5CJiJ IjLj jl t^J^L^Jl Ji» <dio i J^jjJUgJl j^jj .<~S 

oli y^-i ^ 'Lip- j£-*->_ ij ■J-;J-=r £jj-S o-l yrJl 

J^-i Jjj>tij jl i^>~ j-«-!l ^~wjJl ,_yS ^,la"'. <Jl j*s- J^LiJl 

.SlsL. ILL. jlS U S^Lt Lk^. 

dlii jlSl t <L«-~.lj *—LL>tJ bw»^~>- «-L*ie-l cJL? UJj 

pLvipl pUJI ^ JlpL-wJ 4_>«_~jS/I oJc^j ,_5 JUl ^yij ^<Jl 

i~aL>cj iJljL^vl 

: Jj-I j ojla ^ JL>- c5 Jlc- i] ^jl^j ljL^ij j-aJl oi_» 

j^>- olij i_jIJl?- OLjIj JLp k_LiL. oIS 

i^jjjLJl p! „h all ^jL»j i.^v.j V l_£i£J 5jx_J L^Jl toijJl oli 

^jAaj* : Lj*>Ij>JI oLpj i_~~P- <U 4-~S- iXj (jJ^iJ 

. JuSJl L!>UJ i-aliu *_JLv»j ^rjj (j^^T^M' Ij>^*>J 'j^J 
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Sj toLijy> £I-Uj^I L^- jJ jji?-LJl UJ Ji j 

k^i ^I-i^jV t y>- jJ ^~Jl J*>\j>tJ*>U JjUJI j-o-J jJI wsLJl aSL^j I j^>li 

^Jjj^iiJl A^J^J ik^^jl JS'LgJI oJlA Ji* C~aJ^U*l Jij .ij^tj.-J 
.iwJlill oULwj i;j»jJl <UPjVIj e-U»^lj c-JbiJlj ^yJ^ajJI yjJl j 
L5s-jISs~o AjLJi^J> Lgj ^5 kiiji ^l"*^ <t^>t~^jj| JS'l— gjl oJlA 

L^>Jl ( _ ? JuP t-SUjUJ |_5 jJl ^j^aJl oi jJU>«-o j JJL>tJl 

Ja jl ^IjjjI ^-Ail oL^-LiJl cii j^j ^ cu^- j£- y 1>*>1>JI 
J-«j^jLi N LJI ^(Britney Spears) ^j^-^. ^^J^o^ ^1 J jj>^^jl~* 
.oJla ( Jio ^IxJl j ^S\J jl (^j^o-i Lo-U* o ^Lt«Jl 

^3 ^jS^-1J ,4^}^0j ^W4ww^j>- O ^-o f-Lo ^j-a j jj^-LJl ^j-^L^Jo 

jl (Phase Separation) «jl ^la^l J-^i» j*— L j j-x-Jl <i 

V jlj P-UJI ^ o,jJl J.s^o U Ji. L fr >-i; J~aiJ L^UJl J^uJ 

j-o-J j-JL; <Lj*i- L«_»lJL>-} j . : a \i : * j^Jl J ./} 'a '■ i jl olLij^Jl j.. 
^j-S^o-jj ."U^L^o <u»tJLJI A-wL^aJl oiLJl j j-S^jj i4>i^j lSj-^^'j 

<U~*-a Lj t>Vi>- <Oillj-c_« ^b>t>-l oli oLal wo ^^Xj £-Ui>jl il>«jl 

JUJj>tj t3j-^l »>i-* J^ 1 -*-^ J^ aj» . . W M ^ jJLj j .Ijl^»- 

JSv-XJ (_y^l Ll*>L>iJl ,,n XJJ A^Jj-i J^J <JjJl>iJ| jJ^XJI J*- 1 ?^" 

„ig P*bfl JjLa Ajs^^jVl ^^a-^-J A—lJj .0-1 ,,!•? i; a-ll oLf- jj>_>t^jl ojLA 

^-j .ol J2\ p\ v_~oU^I J^lj^llj U^JI jL'j^Ij o^UiJlj 



Jlj j^jJJI J^.>Ul ^LJ^Jl i-JLL. (I^ji) Jl La ^iljll ^-1, (-*-) 
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1 



j j IS <*Jl oLi^i^ ajwU- (Peter Ma) " U ^ Ji j .L*>UJl 

kiUi jlj t jj^t-o oL>ol ^JJ L3 1 o Li I jj>o ^jL^aj^j frL»Jl 

jj-^aj ^^i >_a,.,^lj^uJ L*>L>Jl «l^L»- t_sL_^l ^ ■ la ■ " ^j-Lc- -LpL~j 

cJjLuj LJl j-A 4^ . . la ll ^\ ^Jl^-^JI ^j-a c r ^ 3 ~' u^ 1 ^1 

f-UijJ jj-i^LJl - I —i S tJ-aLSLl! i_gjL>_j<_«Jl ^_SL>«jJI js- 

JS'La *b ^JUaJ U lil ^"j-ii UJ I j _^iaJ i>^~J^I ^jLjcJ 
(Russel jJtaj_^>- Jl-j-Ij J-ii tiiL^o ioL^ iLnj^ll iJ^Aj 
i-iL— S^L; L^>- jJ y^iJJ (j"^— ■ _jJiL-Lo J-^o oj^jj Giordano) 

I y>X>r^J\ JJii li^t-J^I ^^-U^o oLLk^J ^^pLw^aJl ^LJ^I (J jls 

f-j-Jl sJ>iS~*~a *-~> L>JL j»_pj_«JI '. ./? : llj < . o : ll 

^L_> diJi JL*_j lj_/>Uj .iby^ll 4_J">\_j J^Ljfc |» ; o •/> "J oL^il^fJl 
j»J t (J ~-« < j-« >LLJs "b/jl lj^>li .aJLJs (_} jj >LLJs J^L-gJl 

(Ink- Jet Printing) ^>Jl ^ j ik**l y_ iJL*^ oU ^iaj LaJu<j I y\i 

^Iaj^/I <Lo*)L aSwJ- I _^>J .j~>*-JU y j»J (^j-Jl J^LaJI ^>t~~oJl 
.^JjUU LLLW J^-jIj la ll oiJbCLo ijLj Lj-i iijiaJl ^j—j^j 

L5 -a-SsJ La t_^SLwj I j_/>li 4JU1JI ^ , g il JL^ j jJJl j 

<»J ijL|jJl ^ <L>-L>- ilLjt >■ ej j g ^ (j-jLUJ c-Jw<i_wo^l 

. Jais 



Peter X. Ma, «Scaffolds for Tissue Fabrication, » Materials Today (May (3) 
2004), pp. 30-40. 
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4~-L_>- ^1 tlo ^L~" J-A«J U%iJlj .SjyUl U%iJl 

(George jJ_;L_ijlj j-" (4) <UaJLJl oJu» ^^Jl^ j^^jblj-Jl 

OjlijLa o«^oL>- (Donald Ingber) jLJol jJUjij Whitesides) 

*LJl jas <,L^>Jl o jl »L>- ^^Ip JjL« aJ ^.~<..^:!l jl ( j~x> 



ijM j ^ j >-^0_v i**U- (Sam Stupp) j»U 

ft 6 ' 

UjL^>- JiL-^l J^-*- 1 ^1 l/>UJl u*>j t (Neurons) oUjj^Jl 
U lil JJLlJli ^j-Jl c-j^JI uL^j jl .(_j^5j^Jl ^. .,,-?.nJl 

Christopher S. Chen [et al.], «Geometric Control of Cell Life and (4) 
Death.» Science, vol. 276 (30 May 1997), pp. 1425-1428. 
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1 



k-J-cJl ^*>L/sJ ^r*-^ j j£j jl Jjj oJjLs j^aP ^^J>S 
( _ y Aj jr »Jl IJL* JJLo *LU-; j» jJL^j .^w2-»Jl Lf Z->- J-> V t -LyLoJl 
.i>t>-Lj ^w>«-ol I cJl5 lil Lo 4-pJb>- L^V^t-i o!>L»_]j 

^jJl JLL' ^ JJ-b ^Ju>Jl L*>UJL J-»-*Jl Ijuj 

JJcJC ^^wajJl jLf>«Jl Lj*Ai- J*** J _^L>Jl -U>L~j 

.JjU^^fl jl ^»J| 4>**Sj 

Wf-'y oJLpL— t»j ^» jJLi ^^aJl 4_iLj.i SJ_»-Ij i!L>J_>- k_jLu* 

L^jli j j^i] : jJLLa ja Lo J-*-^ ol JUl i .j y y>J <u»..lall 

<^~*>- ( j-^L$jJl (_jJj>-U t^-xiJj>t-o <ul£jj_>- ^yjLjj klJJi j^xjl 

<uj>t« 0-*-*-s^ ^^A*Jl ^^jJJ ^^JL^JI 

LjjLiLjJ <^jLl»J| o>lXjj->Jl jj^i <Lp ^ Jj^iJ jl 4jI ^ : 11 
^ycJl (_5 y>-Vl L*l-b»l i^L>- J^-IjJI *4>«^ 

.ojLul i_j jiLJI ^™l!l js>u <L^>- j» jl. ..^ali ^y>-jl>Jl 

"u^tJl L^ili by" ^yJl jl , all oijk ^^-^ > jLl— < 

i jiLuJl IJLa ^yJ-p oLll j 1? .i^t jiLyn^j -^ij-;^ J-^-^j ^ g I 

^yjj j» J^Ll^J C «U>- j^Jl <Gll>tJi 4ja»jl_4J ^_~>J| tiili L&-LpL™j 
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jJLJ .^yl JUl I j o ■ la ■ " j <L»^>-^-<Jl (Sam Stupp) . >Ll- - olijjj- 

*Sj_>>JI jj-'lj ^ .oL-Aftl! JUl ^ylJJl j»Ja^Jl JiLi ^ ^L»j 
i__^2jJl L*>UJI J~>^ jj^- (jiJl jJl '3 ( ( _ s JLfrNl pj^JO 
LjJI c-*^*J ^1 olil _>k-Sll Jl* Ji^iJl .i*_lJl 

L^s tl_»_U 4_*jL5L1I J^jjjl «u>rj^_5 .Ljli a^-o o 11 i_jL— oLijj^- 
JJ pLJU 4-?^jJI pIj^-^/I ^j-^*- J ^-^y^j J^"l^l 

(Science <d>t« <ual _^>j) j^U* ^^Jl 

L*}UJl 5L>J oUj^»rJ! <uii j jj-^w^S jMl j 

ol j-ij^ o_j^>-U]l J^ij . LgJ i>-U- ilL* j!5 t _ 5 J\ jl?L<Jl J-^ 

1"}UJI jl Ij-*-=tjj jl^j^l Ij^UJI JlpL-J oLoj'j^JI j jS ^s- 

jl Jlp Jju ^IjLil ^ 1">UJI JSLi U-J I j^l j . JliiJl 
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*~-a£- \j^j>- L^Jl ,J\ t (Neuritis) ^oLu^^l dj& L.*>UJl 
jl IjJ^>-_j JLli .J5Lljl 4-^jJl ^j^^^Jl <l> ^id; ^JUl 

j- 4 ^-i^J ' 'j-*-^ ^ia— oJa-P ^^^xJlj oLju^jjjJl 

^Jl jlSI ijL*AJl ^ ^"j^-il ^ ^i>Jl L*>UJl 

^»jl ^ljjatJL~ol £>>J .£wiJJ jl C • ij LgJl ! <CL~»o j\ SJ_*>- 

jl i—jLx^ kiJLlJbj .oliLx-o 4 . . .,<? p L*>L>«J otA^^JLJ L^j jS 

.■UwL 4.../7C- \Sj^*sJ ^yjj yji\ f-Jy»J oL»^o *L«-SCJ|_J aJLSL^JI J^o 

J^«-*j aJlSCJI Jj<-?J j^>-Xj L^liJl J-*-*^ <_g JL31 L» 

jlJL^o ^ j yL^LJl t_~~>*j ^^Lx-o J-5 J^J"-ij ^ J 
f-LJ _bJL>Jl j j^JU>*I~«jj 4_b-*Nl oJLfc ^ i~PJj>Jl L^lijl 

(J J/NI (^4^- ^ .-.}U» Ji, i^-UJl L/>UJl jl 

4_J_>- jl j*-la-P jl 4~L£5 j j_L_*~»i Jjk I jj^j-Aj j^Jj JLxj 



101 



jji>-Ul .JlJUJl J-^-* ij-^ ji t<bj-15 ' *4r^ - ^-^-*-° 

oJla ^«j>«j i-JiL» L^JUJl L*>UJl (»IJl^— I jup M jl 



L">UJI ^ ^jj ^1 jjLJI ^ i^P-UJl L*>UJl 

L'iUJl ^ ^ibkJ ^ (Progenitor Cells) a_aLJI L*>UJl L.I 

^jjk j .^j,/? ./i ->«Jl1| Jaii Jj>-I j (_g jJL>~-«-j 4JuL^» Lgj 4_pJl>«JI 

^z? ,,<-? ->»jl)\ OjbS-l Ji L$JJ : ^ ^4.-1 1 ;^ jjb>^o <LJl$L«J iJJULuJ 
►Lj-AJl jl *U-S^I o^l ^ jj oLJLJVl Jju ^J^J! 

icjI— aJ j^Jl ^ jLSLx^U cjLc-I^-JI ^^Juxjlj j-*-^ j-r-*-' 

^y* ke-\ y_ L*>UJl JS\j .l»j.iUa* JL?-! J y- J-bjJl 



Jochen Ringe [et al.], «Stem Cells for Regenerative Medicine: Advances (5) 

in the Engineering of Tissues and Organs,» Nature wissenchaften, vol. 89 (2002), 

pp. 338-351. 
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jl J^H. tiJL>Jl ei-gJ ^woL-iJl Jjl ^y> jJ^lJI J— J I ^1 

L>!>L>Jl oJla Ijlj j»L! j->«-j .L^A^Jl ^ £_«J <_£l jJ5j 

^Jal-J M Ljj»- j jl l*JL>- j ^.jk-^J N 

L>bV>«Jl oJla JUa?«^l ^-o-iJ .i*pljJl <U-JL*Jl j jl 

L^j £y~!l j*-*~>Jl ^^a-Ul "da—I oJ j£j ^yJl <c^-Vl ^jjo 

JJu~J jj jl 'w a - L" "-- cJl£ ^yJlj V>— j Ji^iaj (jJjjVl JJ 

^1 £jJUl .u* cJl5 ^Jlj j^>- ^ o^j^Jl i>w-jVl 

.<lJukUj »LmopI 

jl jiill ,y i^>Jl J-pJUJl L^UJl O y>^}\ o ^_gJs»T Ji j 
1998 iL- oliijj o j^bl U5 .L^UJl oJLjJ LLa-uJl i Jjr Jl 

^j-^Jl dJUS Jll» j^J jJ j .jL~J^II jj» 4_j_j^>- ^L-p-L*- L>M>- j_«J 
LMi-j jJL>-j Li-Lai L^U- ~ji^> LbUJl oJLa iJLCal ^ k_ii^Jl 

JLaj««^— N jj-I L5LLw> t y»-">\jJl (_$j_>JI ^lui—Nl jl 

jl jj-Sv-s-j aJl>J| 1 Lj ^jAj el jjJLi 1 4 ./» >c j j^c- <u^._L»- L^L>- 

ji Lf^ljJ 4_c-Jb>- 4-Jl>- ^yJ} J-^~'J c^J^' j-° j-j'-Jj 

dilJuj t <ClS ^yai^jJJ ij->JI oLJI ^LJiJl ejlA o>Jj>C~Jj .cJl^~»I 

LJxhj jl ^iiuj JljU ^^iJ <uL U j t _ y >-'>UJl ^ _»~xJl ^L,~v.>»Nl 
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<Ut-- 



--UJI L^UJl ^JL*I jl t j c i^Ul y -^^.J 
<L>15 iLaUJl L*>yjl j-Ua^ jl jjAiJu la U^j t-ULJI jl5j 

S^-U^l* L^U- £y>^ oJLJl j : Lv^_^J yLii 

L*>L>Jl iiJLp^ ^jj->l y k**-* 1 jl L$J jj^H! ^->LJL£-»NI 
t ^Lw LsU-al ^jS\ 4_pI>JI L"5UJli tL^il^J Lj*>Ul 4~P-UJl 

^^JwJ jl 

jJ ^-JJUJ i^f-jL>Jl L*A>JI ^Ijjl t^iJbp^« y ^ijj- 5 jr° ^iLwJ^fl 

^^Lvl y\ 4~PJl>Jl L*A>J| c_iLL>*j <JlSj ^ jvi^jJlj 

.A^t—J^l ^y 

l»^>tJl jj5sli«jj t-j'Aii-^ I J y^s>- j_^«J^j i»_a-5 jjijjtj 

j ^>»J JuS^ y j jj» LiJ^ ^jlSvJl Lj"5\jt]J l_5^ ^Jjj^ 

<Qj£- jZ Li jis I ji-l^l Lv5 jJLk<Jl ^jJl ^jj _p<j Lj*>UJI 
jj>u L*A>cJl j j->o j>Jlp *lSjj j . l?" ...jj jjjstiiJ L*>L>cJl I g "U . ..l j i 
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1 



j\ £lo j\ jiU L>i>- j\ ^ iyj>- J] iJLi l^i- Jl j^pcJ LMiJl 
1^5 ^ t L^JlLol olt jJ >_w~>ii-»j U*>LiJl jl o j5i j 

jj : ij jJLlII L?-jJj^5uJI ( _ s j=-\ jJ J^CJ i_«_^lj 4_L^ o>li ikJL JlS^j 
c~*~J IgJl 4jj->JI f-L^>-^Jl ( J Oj c~*~J <JL>Jl L^>- jJ j*_i 
0-~J jJJj-S' j L*>UJl ^jLJI ^1 4jJLk» 5 jj-yg.; 5JLL:_„ * 

cjIjl Ji j \j k^- I y>\ i*>Jl ^L$l£Jl J LjJLJLui jLjj-l jj5L_~i 

L^j>- jJ^-I^jlLS j_JiL^*<La . i g ^9 jjo*^/ ^ » jj -V3j 

.a!jJl>J| aJLJLSI l^jyl J <U£w> 

ti-jjnjj| ojL^. jj Isiy^ii jj-jl <JU>- ,_p ^; ,^1 t^jl j-LlI 
^-jI ^Ji jIjl-JI j A^lojJl oLSLJlj a-JlSJI oLjJI ^1 (JjJj (j-Ul 
ijj^jJI i-^jVl ^ kijblJL~J^/l jjL^L; j_p-l jjJl -tln-*^--^' 

L. E. Niklashon [et al.], ((Functional Arteries Grown in Vitro,» Science, (6) 
vol. 284 (16 April 1999), pp. 489-493. 
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t£ ^'j- 4 aiji-la oijjl j\ ^ulj^i "da^oljj j»-oJaxJl ^ljL>*I~*l) 
<L»*L»Jl <L*-jS/l jjJUXij ^^^j^JI ^ Jb_b«Jl . | _ r <ajj^jl ^ 

'jj^-i <_y£J ^»Jl!I JiJ-i ^fJJJu Ij_LL» 'Ljjji L.,<a ; i ^»Jl>^-o.I 
iCLoji ^Jj ^fii (_g ^^p-I <C-*- c~^«j j t ^oL»il <UL>J J^Ai- ^y^jjl 

.£jL*l <b*>C Jju 0>l.i!jU«JI OJbl ^y^g-i -il^^-j j ji C—~cJ 
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\ j>-ja oj^h>jj (Joseph Vacanti) ^L^Li <-ijyr ^ IS jSj 

<LJS ilsiC' ilSvJLa Jjl^J ^r?^' .Sjlsjl* <L*jJL« jJ& i_j jj ^ ya 

LM>- ^ p_JLJl iwJLill iLviP (j^alaj j^c- iJ jj^Jl L!>UJl j 
l _ r $j "L-J-5 ijjj J">U>- L^LkJl oJl» c-JLj Lo lijj • l-i^r- ly^A^ 

^LSli flij .SUU^JI dl> ^Jl ^JLiJl ^L!Ul ^JlUI 

iJ!>U Jbu (j^j L}U«JI oIjuj . jli ^f>Jl Si jJ>-L> i~l«Jl L!>L>JI 

^j-f- y> jl J^-o-J >* j^fr^^J • ( _r"-^-f^ 1 

dJJi ^lij ( _ r 4J^ r « ,_ s Ju ; ^j-^jjj Lj">U>- Jl>-Lj jjJ^>-LJl 

iiJJto £pjL»l Jju ii^jJl olJuj .jl^iill ^ L^pljjjLi 

iijl LajI j^i^-LJl ^Ijj .jj oJ_*_«Jl iiliu ol_Uj ^»jJL SJ_*_<JI 
.SJjuJl o*>Lap oIj~»j iUoL olJj L*>UJl jl ^jJlp 

* (8) 

j jj> . la: p j 1 1 2004 ^ JjJi ^^a)I (.r^ j4-!J 



Tomoyuki Maemura [et al.]: «Initial Assessment of a Tissue Engineering (7) 
Stomach Derived from Syngeneic Donors in a Rat Model,» ASAOl Journal 
(2004), pp. 468-472, and «A Tissue-Engineered Stomach as a Replacement of the 
Native Stomach,» Transplantation, vol. 76, no. 1 (15 July 2003), pp. 61-65. 
Haru Abukawa [et al.], ((Reconstruction of Mandibular Defects with (8) 
Autologous Tissue - Engineered Bone,» Journal of Oral and Maxillafocial Surgery, 
[vol. 62] (2004), pp. 601-606. 
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pJixJl j j£~^>j .^j^L<Ji\ l jA>iJi}\ ^ L« y ^Ua* ill jl 

Jl*jj .e-Lj olpj ^JLo-P- -Loio ^5 jv^^^-U ^ Aj Lg_a J_=>tl~wl j 

^ t _ J iv'S/l jt-laxJl JjUj ^JJ^Jl jt-laxJl jl? Apljijl jji £^>L»1 4I~u 
, la «_ll ^-j i»LjjVl jl ^LJ^Jl i*_JiS[lj t y3^>zJ^\ j^io\j 44ji">L^> 

* ' ' fr 

Lgjtjo jji^-LJl j^J i>-jJb "JblSj L ji jlS ^<J»Wftll j ^yL/j^/l 

j^jJL CjIJj Ji Ajy>jS\ "UPj^/l .^UtJNI £*J>y> j-° 

.^jjJ^Jl jJl 

t (9)' 

oli ^yAj ^LIslJLp- «-Lx-ol e-LJL; I j^3-* t ^jLS'L» j»li Jij 

^^—SUl (j-SCi la s^l l j~£-> L y 2 ij jC ^^j <j _P _?-^l ^'ji j-»-ll 
i^JL^. ^ ikJjJl oL^ (.LiJl ^Ja^; N ^l - . h ./.Nl 

.oJLjJl?- 4j>-I j^- i^Mcj Lo^o Oj-Iij j^ 4_^> jf- jl L»5 otj-Li-aJl 

L>« r --J ^-U^Jl jjJjiJl jl t t yL> y> L»L»Jlj j^ 

.jvJlw- ( _ y L^'l j jJ_^3 L«OjJj ^Jl 4^>- jJ j^«_a!| pi o j n II (_^^JJ jl 



^jLiJl oJljLaj . l jJts^i_ t^* ^— jJ -^-«-ll f-Ua*^! jl 



Tracy C. Grikscheit [et al.], «Tissue - Engineered Large Intestine (9) 
Resembles Native Colon with Appropriate In Vitro Physiology and Architecture,)) 
Annals of Surgery, vol. 238, no. 1 (July 2003), pp. 35-41. 
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/j&J L^ofr*>U t jPj ' As>^aX^i\j 4£-j}yJ>\ >L«Jl£^Jl J^/l .jp J>y 

Ji aJ} SI (. ibLa j|jLw»Jl IJl* oLil^ol 0} .oljlj-^l ^ l$5bl 
J^JLaJl 4 la aj j-"-^ L«JJ_p aJjLx^JI jv-v^Jl ^LapI Jlj— ^\ LJ 

^iSI J^-jjj-^gJl {y> ^Lu^/I o>b t *-j\s~j* ^»L* Jju 1 ^_ft Jr ^p 

O j£~**>j .lj_)J_>- 1 j -.^ c- j !aT. . 1 ^jL^«I 4^jL*j ^ * ^ ji *^ 

?^Lu~^cJI ^p ISU j 

jL o>LpI jli ^JLJI 4JU5J t j^-^LjU <_£y>l «—j jJlS 

j^-pIjJI dilljN <LpI_j1u _,iSi 4_pLo c-\ jj>-T t tlj jl <ijVj>jVf- j>uvii 
j ^'"11 i~~*J j»JL<c^ 1 ^ jJL» ^^p ^ L>L»J ojjj^- JiLSLa jLaJj ^ 

jjjjLi j— s Lap ^« 0 (* cs^^ 1 
^JaJL; ^v^JLS^Slj .LLnJl tijLoljjJl ^ _ i_Jis <4~a>Jl ^ 

jli IJL! tjvJbJl ^ (j-^LJl |» la«-<J l^j>yA\ 4^*j>Jl ^y> t y>~ <LiL ^^iJ 
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Uj toJjLuj ,_$jJl frljuJI ^ j ^1 tot-US' Lgi ^1 *bMl ^jljjjta 
oIj-Lj*_jjjLSCJIj cjL-^L^jiJIj obwJj^JJ tj^^waJl ijjlj-«Jl <lJ 

'LilS' L ^J-f- s-LLi^/lj 4ijL>=^Jl ^a-Jlij j oW j^r-^l j^J-^ 1 -' 

j\ 4jJ .<_} ^riaJl ^.aJLi jl t ^-!> : ? t:; J' j-^i f J^j M .las il jJlo 

^1 oULSCo^/L ij^u^jUl L^e-ljj J^-Lj J-^ jja^j tiJLL<J 

g ai ( _ J SCJ J-«->dl y j^-S" l y^L>j .oLii j^Jl 4jjL*jc<J ajj^SsjUJI 

/j^> ( ^5C»juJ cjjAla^o o->«-Jlj . Jj>-Ij j-'-'" y LvuL^I ipj^^i^i 
a_«_»L=^ (Michael Sefton) j yJi~* J^L.Lo ^-i> j Jlj j .i-^jJl 
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<— sr*jj .IJla Ji» JLi>w j^ic J I ^yjl i^ju^Jl j^M 

.<L>l_j_>«Jl ^iUjJl ^ iiLjiwJl ol>tX~»L jj)^.?.<>il jLJVl 

J— JlJ jv-JJ <LJ| J-~>- ^ <Lw»JU*^_a 4 Vj .... i 4j»w~Jl ^jj-; 

*—> j-L*^/l j) .L$JL»_$j C-oIj bol jj| (j-w* i^fc^J^II oi-A ^-LoJLil j 

»UslpS|I ,_yaij i^^j>*jj UL^li- ^|jj*^,l (^1 _ jlJu^Jl IJL* £r-«Jl 

ju>cu«Jj jjJaii! j^JJ Jj^/I l$L>-l Jl LaL^-l «-l_^>-l oltj ( _ 5 JlP 
i^JLdl AjjiJl 4 la II t ^ r uJl JJUu _ jU^wJI *_jLJL)I J^e- j} .1-fjL— i 
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1 



bJj_J»-i jl .jjoJUl ^1 jjLij Lo JjI AiLkJl 4 ; jl 

oJU><JL<JI oU^/jJU i Lj J la . . .i (jUaJ £J^" J-*' Wij-* J iiLkJl jj> 

^ jJ>\ ijj^J tjJUJl ^ iiUaJl ^iLLfi~J jJUJI 

^J*)^! ^j-^— !l o-b>C^JI oL^f jJl jL^&I iilS' jl .tJajij i_ a..,<a"> j^o 
.j^f jJ CjL_aJb J J 0<-_^j La^JLaJ L _ y -J^>-S/I iaiJI ( _ 5 JLp i^LJl 

IJl^J ijJI jJl JJLasJI J jjJl ^^Jl }3jS\ ^JJi JU*I 

^LkJL iLcSC LS^I cJtf U lil ^UJI ^LJI 
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L^-jJjJ^JLi t^^-L-r j\ J~r J">U- jjUJl Jyu JlS 
i]"^, f :...»^/l oLjJL-^j jjJlj- jc^j .otjjiS'j 4 -^a-J^j LSjjJaj 4-bLgJl 

.iilkJl ^ 

1» ob isJuU» LiLjiJ oL-b>o ji>o - oJ_jijLjl ^LjIaij^/I Jlxi^l 

L _y2- 1 0 'j <LJj->tJl oL<Jl v . a . I? '■ " ! O jJLllI jUI ^JLx-> L«j 
<L-JL*> S-g_>-l j iiljw* j Jii j .1 j : ^JLx^o j 5jl ./i ll oUL« iNl 

j\ ij—L^I jLJ^/l <>w2Jj l-^- 1 -^ 

> a,,^~" ^yJl 5j jjUl il j^Jl c-Lu A-»..Wll j ji?-LJl j^JLcLij 
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C-Ll <uJiil£' * ■« ■ loll oUMl UAjI jytjjdlj 4jj->J|j aJLs-LiJLj 

j_a Lo JaJ j jJl (Biometrics) oL yL* j^^Jl J-^- i-jLI-Ss-l-^jj 

<U ./> «Jl o ji J">Li>- Jyi j»j_> Laj-jJ^J j^Jl (_g jJLa jjLJl ^LjLoJl 



117 



'1 



ijj^ju «lSU $ : . L> lJjjij isUaJl jJJL L^»_^j ^^q— tJl I'.iLi." 

Js 10 £Lj i*\lS oli i-U- JS c~iL5j i^^Ji Lilio ^jNl 
<JLoL5 Sjj-aj SiLkU LjL>-L^5-I <L-Jj ^ ji\_»jLL~J tiiii iL»Jl 
J-iij <jj-*" l*-* ^" ^° 'Hj • k-a-JiJl jJl-a«JI IJL* ^iJuit^L; 

jjujl A jjtj (Greenhouse) i_w<JL*Jl 4^_JjlU i^^v^Jl jj-ijLSJl 

. (J *aJ<Jl 

iilkJl Jj->«J o«-jjj5 L*>L>- s-L-j i jJlS- JLwo Lw»J JuL! 

(Voltage) LjLjqS Ijl^j>- ^iaj<j (Photovoltaics) ij _j-i> iuLlaJi ^yt j 
.^^r-^-jJl f- j-^J l^gl JLp Sys j£_yj jLzi) LaiJGj 

Jjb j»j>xjijl JlLp iSUaJl bju^Jl y~»l lil o _/?<^ liUJ 
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iiUaJL M ^JUJli tUuj iJu-P LlJ iJU* ^ t( >JL>Jl 



ly^J, LMi- ^ JLJIs tiilkU la j^Jl Luj-i £. 11* L lijj 
^l^lSlI o-I « j) .iillaJl UiU IjIjlLo iaiJLJ ijwlj o-L_o oli 

Ol; jj jjjjl <L*Jil t j^?l ./l~.a\ Lg_J L^J J^oJ ^jJl \& iJoU <L™»jJl 

jJljjJl j-SI oLii JjLjJI Ojj>Jl jvi ^y2^-L> LJo> ii— juJI 
iJijjla^ ^-<^~> jl L J Lp .jjj jLJI iSL»— j»_4j «J jLL* (Plankton) 

A . .,<i>l I <Wa£^» jl J-«J L^ukij iw— >tj 0_*lj O-L~0 ^ySj^/l o-I o 

ja L> ojuoj jl ciap ji IS^As tjNl Jili Ji» ll*i oi LJl Nl 

iL/? j^jl 4^Ji j! j_J| Or la ... » 11 i_Ls<aJI oliVi jJl j»_Li^L^_: 

■ill L">UJl J^J <i^aJl i-iJl 
_jj _j iilis ^ oJLlI ^ SJaiLJl iSllaJl ii<jl J* 20 

Sf-U^Dl o-La jli tLf»-a J^bcJl J^-«j_j <WlJ»- j Olili ^Jl oJLft oJl5 
^y^J ^j">\-vif5_^jl A^-i /j^o A r ,„o..t. l l ^IjJ^I .iilS ^ JS\ jZjC 
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^J^L jjjjJLJl jj_^_Jl Ijl, J_ii jSl! L.I 
ii-jjJaj .osJ ^jJl oLi ^ Jji jji ^ (Photovoltaics) 

0 jj_Lj t A-^J^I ^j-a j>~ 01 ^->- ^j^wa-JJ .^ljj>*l~*Ml J 

Ojl Jjj £ '^_ / r^-S' J-Sv-^J AiLkJl cju* Jj«^~j ^/ liUJU t iijLkj y«->i 




iaj US' .^Jj^oJ-oJl LgJo_j L^J t _J-P IgiLLJl 1 ^ ^Jl 



121 



UyiJl <Ju&u» ^ oUS/lj ^1 JuNl (j-L-l jjsj (Polyester) _^~J^Jlj 
il^bU aJJUJI iile^l £L*aJ C— Jli*I-l JLii iCJ-J ^iJI ^ 

Uj^iJl5 owL>- (Alan Heeger) y*~* jYl 

JJULu jJw'I l ,1p J j-^>JlJ ila^-'iLw jj<^* jVl Sj 

olSj^>tll ejjfc (J-«-*J ^j£mjJ .-b>-lj ^La^jU JjSj e jb&J 6jj~*3j 

oJL* ^* iS^L-l j.;..a->,1I ioLJl o->«-oj i<LJL>Jl >L»Jl JjIjl?- 
ol L»l .^L^SCil jLJl I j^J ^>.a-J J jlJUfJl oUjj^JI 
i_sL«<»I c-Jl5j .bLijl jiS'l j ^Si>c}\ ^ cJlSCi iL^ j^Jl 

oJla 0*>Ls<9j^Jl «L- il O-Lo-g-J .jL>j_*Jl t _ s J-C- OjiU t <LL^4 ob-La 

^ ^-iS^j o^~»J ^ ji^l J^_^Jl <uJi ^«J^Jl jlSj -J^Jl ^JUp ^ 
t v r ^Ul vlUi t _ 5 k*l JJ j .oU j ^^J^l jli>>v ^-£>uJl ^ jjb^Jl 

ojLJl J^-Uj i^r^i (t-^ 5 *^ - iliLJl w-jUS/I J./ia. ^JJl JiLJl 

j-a!I 
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J-^j-* **** ^ <u_«j»- ^ jj5w> 

jj> J-t-^M -L>Jl ^yjl-uil iJLSCol ^j^-j^JI (jl la - ll J i^jt>Lo 

cLUS V j . jj^J^I L^_x5l j& -ciU* Uili j^jiJl 

£y W 7 j jLe-l i_5 ^ . '- ^a (_p J-jJl?- k_J J-Jl J jj j^-£-Wl Jl3-il 

jZ~~j> (_ji> «— J Jl>t^ liUJLS' Jl^-^j ts-Lj^lil Jij J^U- 
^.LliJl J_o jls tlJJ .^l^SCJl JJJ Uajl <J ^^SU-i k-r*^ ^ '^-^ 
^ ( v r SCo_xJl jl .«- j-aJI L y \ ^s^sj j^j^> ^l-ij-f^' j'-r*-^ <y^ 
obVl j^J i-_~w»_JLJl i_JUJl j->*j o Jaj- ^ «- j_^aJl J-*-^ 

dlb jl .jj>c\\ j^i> oUj^sCWl JL^>J ,J} ^-l^y cJljU 

4_^>l jji o j la '. i j jjjjl (J-^^J ^j^os>- j\ i jJajJJ ( j^Jli>s^o jj* ^5 j - ^ H 
t f-j ..ti.ll A. r ~<>-JL)I iJL>Jli t4jl_^^f >— )j 1 W ->Jl dLLuj ^ <C*S\J 

jLij ^iJjj ^w»JL!l Ia y (_yJl iiUaJl oJLsx^wj <LkJ jJ jJ 
jJj>Cj LJJUJ tj»UaJl Ji-b k-il ytll f-^J J*>^ dlb pJoj •J*-^ 

^JJl L*>UJl J (.Jl^o JjL-Ni *UL ^*jlJ J^JI 

4 «.j^Jl ^yjljal ^JLls ^1*^1! jjljv«Jl ^ jLikix^ jlp^j ijjI-UJl 

lIIJJu 4j«tI^o Uaj'Vl iiliaJl jJLicJl oLj^Sd')/! j 

JLixJ^I tjLiiSI ^Ul c oVT ^1 c^JUJl olS ^Lj 
ij-^JLJl L*>UJl J _^l j Jl t ol j^J ^Jl J ^pLj^Jl 
oL^^Jl ijUJ ^w^o->Lll L*>UJl cJ15 .ijjJLil iLiiJl ^»l_L>c^L 
tiiUaJl jl J-S L^iiOs oJii oLj^S^J^I j^ 
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.ijjJJI iLilJl jjI (Enrico Fermi) ^ jJ ^ty\ JLLj^I ^L^iJI 
N L$J-» ^jJI jli tixJLo L-^U- (Ferminos) oly^^-iJl LlLuJj 
LJL«-p j .ci jJl ^yi JLxJLJl Ju J*)Ll^-I ^ oLSL«Jo 
o jS <l>o j^Jl ( _ 5 ~ u l __J>3l j ^Svj IJU La! j Li jj^vJl 5jlii»j»NI 

^ oL'j jJJxJVl jjlS-^j jl Ljj . -U-LL* ^^JLp J j ./7.>Jl " 

.Ljibf- jj^l pL>- jZw-Nl Jjt>.jj j'-la^ 

a^Jo -t^ji ^r-j—j -^^J tjr^" J-*-"^' ^\ l^-" >^ Ja»Jl — ! 
5 _^L_J1 iJJljJJl v^Jjl L^UJl J> ^UJ! jUi 

<(5ljil tiLSL^Jl J^J LiLit^j LLj-lf >*r* '^LL-.j .AwgUa^l 
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j-^-* oUj j-^Jj C~JL;j .j»_w~lJl vJUi ^ L»JlpL_j t Jl 
LgJL J> iiLi ^»-jbJL) c~«lS jl L« I^isIIj .si ./?>- tSjlii^ws 

J>J j j y^J^U ^1 JJ^ 1 *-«d JaJl o Jug.. j*-J*> J5I j 

ol^>-jll!l CJ yC~J\ Lo lij oLij ^^ylSvJNl jl i jjy _L*JL<> J i_y <> -'ji 
0->o ^u4j J LgJli tl^j ^L M 4_» ^j-bjl ~4£ j£- j~£- 4-JljJlJl 

<UL JaJl o <jLl j j^Jj J^ JaiU- j .4j>*j ^_<jl ^SUl s-l ji-J _^L7 

j j _y^JNl jliu-j jl Li t JL ol J 1 oL j _^£JNl jy>Jb j 

Jil J J ^yl J k^L LJ» Jl jii ^ ^JjJl J 

.<Ult]| ( j^o jjjb^ljl J^o J^-lj ^4 

^jjuiJ ^?-jLii jl I g . " ( j_j*>\J c-^pi la" L^Jijlii^l jj j^SvJ} 4-^° 

.SiUaJl J-»^j cJljLo ^ j A3 
JLiJl ^-gilj^l jj>J j_ri^Nl t v r -i^LJl ol>Uj oolij 
jlS^NL jl5 Lo liLs tijs-LiS _^Sl ^JLjlu oU^jjiil jL^>- JL>^ J 

ii oUjjjL^J^U ^.jiL-o ^p^ 1 ^=-LjJ ajjJI j Jlp iSjjj ^ 
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jl i^^JJl L!A^JJ j^^-o-j _ jiiJlj oUj jj^J^U ^Jl) 
L^jj j_a j-?^-> y<^» ijkL^o <J>AJ>- oUj^J^JNl 1 1 ■ "i J <Ju~^*-! 

i?-Lw» L^»j>«j>- ywJ tiDJU <t»«-lj willow ( _ ? £>J t i>- j^JU 

Jls> ^L>J1 LiT ^ J*iJl O-L^j .5jUi_Jl oLj^^l 
iiLis ^1 ./>-~j>\ j L_5l_»_*l ^ , „h j il tL.o.jJ' - *LJjJNl 

i^^Jl ^w^l oJl* (Michael Gratzel) Jy^jf- J^jLo jLcu-1 oil 

^Ij-LyjJl Jl$_*-«J| ^ jj>«_; ^ lij.il il . . la II : 4 II 

^ ID .«-UxJVl cjji-^ OJu>«j J-»jJI jl5 Uju* 

o-b-lj iijs> cJlS Lo lil -j^J .jJ.slo ^> JLaJ^/l ikij -Up JawaJlj 
j^S frliJMl £tk~* ^JjJ ^ysL^al^Vl aJIp <ubj_^>- ^ iais 



U. Bach, «Solid -State Dye - Sensitized Mesoporous Ti02 Solar Cells (1) 
with High Photon - to - Electron Conversion Efficiencies,)) Nature, vol. 395 (8 
October 1998), pp. 583-585. 
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•C-Jj- .<LjJlJ i~>*^~*j <L^j oli J jjlj ji- 5b! O-ilSj .c-LiJl 

^1 ;jujl~JI v'j-^ 1 v-LiJl flijSlL, »_^Jt 

OS-Las' jjL>«jo L>"}Lp- I •,.t.lg„frlj tl_JL>- i j j -h « Si oLSjJj>JI 

I JL» jcj> j .ixJl ^ 10 I4J SjIjj^S' - <_^1 - iiLUJ Ji_p»^i 

.iilkJL! ULiku iJU a~m^1JI L^UJL y>^i\ o-lw> 5i«JI 
^jJx^-j oUL-Jli liiliaJl o\yj>-\ y \^.\a,.A jj oLJl y^~^-i 

y~~i\ y?%» <LLiil klLLttJ oULJl j] ?aJ». 0L7LJI JJjjjjIS' 
1 f ..\ a .-I^j ^ y a^J ^yjl LULLS' y~~>^> LjJ^j- C-»Li jjJalJl 

j./3->-\ - y£~i\ <«ji^»J _ -< ^jjj 4^>t>u <LijliL« iSLlaJl ^j^j 

^ oJ*>Lojj (Mark Baldo) jjJL; ^jl_<> jJ_> .JUl>- ^1 OjAj 

^JLSI JLx-ill o ^SUl 1 y-y* L~>- jj jJlSwU .^-ju^ j^iLwoLo _Lg_« 

cJljLoj .oj_^-Sll J_J<_jjJ o^Lp 4jj-Ua_»Jl iib>Jl oLJjjjLSL!)/! 
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.jjjl) ^Jl~wu 0 J»ljj>*^ob I .->o 

L^UJl Ji>- J jA Ljl^J 2005 iL- ,J> j _^U! ^ J3 j 
Ls.t ..m.t jjJL ^jLw*-jj J^*^ <^->1-«-w?j j-*-^ ^--^ ^>-J t 4~«^>_*ul 

t_iLiaJI 01 j-H ^j.r?.^" L^SsJ t (_£jUl «• j^jjl j^o SXj>- j J_*iaj>- 

( __ r wo_jJl i_jLaJ oljiS'l ojufc jl (^1 .Lu^pL L*ly ( _ J Jl 

J ^^^Jl iSUs j-o l_jL^JI (j^i^j .Lis ^jMl Jw=j" 

L^i^J U <u^JL <Lj <u>- Jl jJsl *1 _^>t!l c^>c <aW'.,<>Jl 

.J j^jl t j ./7II 0 Ol JbJ <LiLi>- 

Li-L* jj^L. jM Nj> _ 4i_a>Jl J jyla j}\ jl 

_uLio isLkJL 4jJL>^ *l j^>Jl c~^tJ i«Jil c-Jt~> _ ^^Jl *-=rji 
i-^-jLiJl isL>Jl jj . ( _ r w*jJl J^i *j_JlJI ^-LjN ^Jw ^f^-*- 0 
Ju-^aj (_s*J ^rj^ 5500 Sjl <*->-ji liLbuJ i j~«-JLLI 

^ 5i*>L><Jl jLSC»Nlj j^>_ j»-^-!l l£-Jl£_* ^-jj^ 

jJaj L^j>tXji t _ 5 Jl (j;jjLllj jljJMlj j-^-L-" SjI^j>JI *j>-j} 

(Max Planck) ^UM, ^S"LJ iJUll J^U ^ Ml ^^w^ 

4_ ; ^>r_ „ ^a- , .-Jl (3 jj 4jjL5L> i_9j_*-j jL5 U> ^ ^jLlJLljI o^Jl j 
LgJ jJ j ^^^^-dJl jljJl L*-fi Jtii 1 (Ultraviolet Catastrophe) 

LgJot—Ja JJ iiU^j * _j_a!| ^L^^-jsJ S^waJLoJl -m-JaJl ^^1 jj\ J^l>- 
.Aj^-aJI tLj :: jjJj ivo^ o^ii ^iiij Cjl5j ^»-j^JI 

iijLSJd J**Jl jl J-^s ^y^"" ^«^Jl jlSj 

(_g JJl «• j 11 jl jJlj J^L-Jl j»_^>Jl Sjl jj>- i>-ji ^j-j 0j-iL-« ii*>Lc- 
5500 
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J JL-JU j^LSl oL'LJl ^^Jj .^ii-Sfl 

jl cu^j i_jL5 ^ ^1 v jlil ^Jl ^u-Nl j^J -Lfiljjl 0 jJ 
.All ^J>s- J j ,,^>JJ I^iS^j^ jljJMl iibi^i L ^SLJl o^-i- 

N j^J _ ^ _^JL~. 1000 J^-«j U^i jl 

C~>»j 4 a la '. <J I L^oJajw ^xJLj 4j<-il _ djjl j^>o ^j^wo-JLJl . JjliL 

o-Oj^JI ojlj^Jl Jjjj-tJ 4j^j>tJl Sjjjjl i *£-yj .e-lj^>Jl 

Cju ^j/j " /> " 4_J j_^> 4_J>LlaJ jj 4^Jl>JL«^ <LoL> j^S i jjs 

j^^jl-o t j j» yVl jJis j\ ti^lyJ JwpLlo Jls-Ij 

o ji j j£] 5500 lj\ y>- Is^-js J^s> j L> ISI j ^Lll oljJ->- 

4j>-ji ^3 JL^2_>JJ 0j_aL>- 0 j-SvjJ ^cJUJLwo frl j_«_>tjl 0->nJ 

.ijjij pH\ ^_j™J™o iooo 

5 j^l Jijxl ^k™J Lil 2005 



S. A. McDonald [et al.], ((Solution - Processed PbS Quantum Dot (2) 
Infrared Photodetectors and Photovoltaics,» Nature Materials, vol. 4 (9 January 
2005), pp. 138 -142. 
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0- tiX* ^ Ji l _ r aL^-*J ol J-> il j-Jl jl 

ojl j^j"^] LtA>Jl ^-Ja.o JjJJu jj^Ujj .^^Jj-Sll j jill ^-i-is 

. ( _ r »«JiJl ioliJl 

jl jj^*J eJbJbjiJl ^ j i . al^gj yt jl jl ^jJ^-LJl ^yic-J . j 

^L laAi -aLj j» jJL-- L5 L> bj jJ la « ll ^---'j Jb^a ^^-Lc- £j •/>" 

J-a jJLP O-ali .(JjjjLj-'SM i ji jJJ L5*^ j : .«l 

£-*LuJl ^ ^jj^Jl IJLa jl .<LJjj-*~^Jl oJla ^J> jjli j^/l oL5jJLJl 
l^JU-j .ioisll iLliJl ^j-x^Jl ^ L>- _jJ j£z jjUl i»o y ( _ r a^L ii _^JI 

.LojI ^>jUj 

<LjL«jNl J-oIj-*-SIj jLvfljJ'Vlj ^J^AlJl ^ I j j - ■■ jj>-Jj l»JU*j 

^ys-jLiJl jJ—f? oJl o y^V^a ijj ./i i 4_ o_.,tJl b'^LitJl ^/r I ,',„a " 

^JyC La-Uj<i tiijj>tlj LaJLl* Lj(_a lA-ii-l ^jis- j .J3 'i LaS iiUaJI 

j^o -^ji L^-J^j .JJtiJiJ LjLpL* jl JjjA— ^...ft-tJl 

ic-j^o U jl£* ^1 
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isLU ^1 ^LljO— ipJLi ^jj ^y ls\ — !l J» ">Ly> ^ 
. jl£Jl j oUjJl j*s- ASUaJl ^y 

Jj_p»j y» 4Ju*i ^JaX .i U J5 jl ^jlt J .,^7 *L>yiJl jj\ ji jl 

•"tP ^ i>" Mj <■ y-l £jh ^! £JH i>" ^U^ 1 

<LJ jJ jjLSI _ 4jiJL*>«_s oUy jj-o Jj_^jJl ^y £yj _y iiUaJl jLas-j 

^y Ml <Uyt~Jl frLyj-jJxJl -L>-_^j Mj -j^-^ J"^ j' -^^-T <3^>"l 
iiUa ^J>\ SaLJU (_g y*— J _$J*J OJL>ij ijj j-Jl SilkJl JlJ y 

.(E = mc 2 ) ikUJl 
^^-uij _ UL«-S iJyis^Jl iillaJl _ j yp-Ml -syjJl J--*jj 

U^j 5y ^y^l *LkiJl Jwap- Jlii tiiUaJl ^y* Jili>Jl oJU-li 

Jai: ^1 Jj3i Juu AiUaJl J^j ^j-^l <-fS J*>U- ^y U 

iSLU Ml ( _ r J (jjjip-Ml iy_^lj 'ur*^ 3^ j' j*-*** j' 
a^-x^JI iilkJl lil aKjuJI ^y U .J\~**S If; Jilii»-Ml 

<LLi Jh ^y c~w~J iLSLl^Jl ?4^jL>ll<J| tuljj-JjjiJl Ljj JaLdi^tJ ^yJl 
jit (_jl to^jjli^Jl JL— 5jl Ji* i—^^xJl ^lyil ^y UJI £&MI 

^y"} jy iiUaJl Jjy^j -LLP O^LUj j»JLi (jJUl i-Jj-SLSl ijuijjl 

(jJUl iy^Jl jl ?<jjjjL»-MI ijiy'l ^lj-il ^y t5jJ<-<Jl _y Lo j 
<uLf- LUJxj- Lo lili tool jJl ^yl jjiJl (^yj"-; <*-i LJljL~* ^y «i yJ 
^ji SyyuJl iiLkJl j\ jjy 1 ! o-L?-j ^y oyyuJl iiLkJl ,y> 
J j ■ IJU ijJw j»^>tj>-j iiLU b oJL>^j j»->tj>«Jl 

M y>»^i : Ll! L—JL OjjJl o-L»_j ^y 4iLkJl ^L^Lo jl •J-«Jl 
bL«J jl L*i oy'jJl jLJsl j^o JbJjo LJljL^v JLUI ^y c- 
.*>Lii Ml i^jj j»J ojL-Jl jjj jM oiU-JL; yulj LjIjLw- oUly- 
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4j_SLI ^jjJ^'NI jjijJl ^Ijjl j>ljuk^_-l ^j-P LplJi U ~J IJlaj 

.J^>JJ ilUll 

LJsLjjl p_ftl—J oLj j_S\_«Jl J_>J_=i_j la " ... i (1)1 La j 

.^a.la'.H AiLkJl jljoj-l Jjl-b £-o <L>jULjl! olj-Jij^ ^^a^eJij ^jAj 
5j»-UJLj o_bl_^J ojj./?> jj<-ll~u cLLlS k!->-b>xJ U-Up j .killS <v>^ OllS 

<SLU ^^Jlp 0*^1 ^s- (ji-j«J L5 JjJ .^jj^-'NI ijijJl ..l?ll 

t iiUaJl jjjij J^L-j oLjLkJl j i ji jJl L*>U>- ^ J5 jiyi j 

kill j isUaJl ^j-* j I ^Jip J-* 2 ^ Cs-^' il^v^^" 

(1)15 Lo ISjj .ji-l ^y> CJ<X>- _ AjJ^^JI isllaJl y„j>^> 

( j^»-iJl ^ ^ li <iUaJl <la->iljj L>c^3 i^-^t jj-^-j ^ - 1 
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^ J_^i_jJl L)*^i-j «iUa^j ^1 C~~J <Jj*Jli p_=»^jJl <J 

Cj-^JJ * : I ^ L>^>UtJ ^u>J t«l--w»t-; <Ui i ./» < siL« ia— jjl dlLlAj 

\J\ j 4Jl Jd3 ^liil *J >JI Jl 

Jijif Jt>U- J-±3-&\ — U OjJaJl Jl J-^ali oDj^JVl 

L^jbl J*>^>- J-« i~»Jkl ji (Ja— Jl iiJaJl J) JjjJuLJl 

jUa^S 1 ! *Lkpl J">U- ^ j y^j-Ul fli Jul) .oU Jj^Jl JJJ J 

4^jL*^ ojU jJ6 j U^jI ^Ij- J- 4 ^ Ji ^ _ji jJt L^Ai- ^tixj j 
jj>^b j>^Jj-! t^l 0^"JJ J ^f JI ■'J- 5 -? J- 3 -*- 1 Lla ^-J J-*-^" 
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LjUcJl oULJJ jJl-a^ i_,I.L>- JjijJl W^-Kj .iiJl ^ 60 ^1 

>>JI ^ J>\ ^j- 1 t^l ^h**- t<L ; 

.<d>t* ^^^-j^jUIj ^^^S jVl Jlo Jiil oljU- 

<u£J <u jjJaU^o LJl .jjijJl L">U»- ^ ^iJu*^^ L^>-1>^ ^yJl 

.oU^jlS'jj^Jl ^ ji pLJI ^ ^jyw 

tysJl ( _ r _J j jJ» j iilkJl iJ»l j l Jjc*~j> <^>y>- ji *-LoJ\ J 

.^^i<»Jl 

J >il ii Jb-J 

jle- ioLj^Jl iiUaJl |>I_L>C^L t-LJl jJa-i ^yip ik™Jl o«- y£S\ 

a-5L«_^ aSUs ^1 «-L J 4$Jl J_p«j j^i iSUaJl ^ it-\j6 11* JJUj 
ijL^SUl i5L-iJl jjiw ^LJL^SJl o jil L« lilj .iij^-a 

iilia-i ^»JLp jl aJI la : ; j i jL»l j»JLp jl o\jo,\ ^^^j^Xj pLJI jia .1 jli 
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J\ frLjl Jail o jjo cJlSl f-Lj^}\ JlJ_^j ^ i^JUitU^Jl iijjJaJl 

.jj—o-iJl jl ^jJl jl j»->«J5Jl jl OjJUl 

iiLkJU j-iL^JI Jj_j_>«jJl I JjJjj-C- J^jLo ^jJ> j£. JlSj 
jlS Jlaj Oji^Jl L,^U- ^ (.Ijl^l-MJ l j^jjJ_ft ^1 _Jjl 

iLJl 10 ^JLJ «*La5L ^Lj^f^Jl L, oL.!A>- 

. ( j^>-jj.L^JI ^IjN frLoJl j la .t. I 6 jxll A~\i.»\ jj ^jAiJ 

Jy-ijf- ^Jj^x—I JJUi ^-bj .iuJl ^ 7 jA-Li o^U5 j£5 j«UaJl 
U lil Jil IJi£>- j j (Risotto) jjj ^Jl SKI j) .Sl^aii* 

iJL^LjLo <L_L»^- ^ j^l . \i u j\ .,h ->«J| jl frj_«Jl ^1 la:„.il 

^^xiixit^o J j ^J U ^j- ^ ol_ji>i_»Jl iiUaJl jJ*l~Sj Jyjjf- j»li .(o-l?-lj 
^Ll?-I SJL>-I j *Lo iXjJ^r ^kJi jSl j .*LJl ^.la ■» I * j_*aJl jji j jJUl 
JajjJL J_^> ji- j»li J^-l j ^ j_^i ^ a ji _^uJl dilLi iSUs 
(Jjj^M ► j-»aJl ^pgl ^aJu L Jj^l *J*«-!l j»li j-»aJl j~a>^ jj-aUaj 

.j-A?-S(lj j^?-^! ^ all j»ljt?»iw*l; (^ylill *J*«-!l J»li ^^wo-Jjl 

( _ r _^Lll i_iJaJl ^ j j»UaJl y ^J\'j>S\ JjJL* ^ iSUaJl ^y^j> jl 

•tjrTJJ-^ j^ 

.fLJl oj^>J ^J;L»Jl jla.t.ll 2 ji jJl LM>- ^ j«lJUk^--*>U 

iijjJaJl o-ljj J^Svojj . ( _ r w«-lJl j^q ioli OJLitl^wJl iiUaJl J5 oJl5j 
^Jj^srLo ij J^i oljl C~«Uij .Ljli D 1^3*^0 otj^5 olil 1 '. . \i <j jl LjJ— ^ 

j^ol jjkj tix«Jl ^ 4,5 c-JJj otLi$l; iJL«_5 iilis ^y!} ^^a-^Jl jjj 



135 



t jjj^Jl JLf^j jj« UoLxi^J t^jjjs^} JjijJl or ~-*->l -^J 

/^-jj-U^JIj .5jL_Jl j^o JJiSI j\ jS\ Jjij-ll jl ji>- Oj^sj N 
^ 250 iiU , v uJl 

La .<Ui^_»Jl jj— tj ^j—^-Jj-U^Jl j-a CjIJujL 10 jl JL>o 

^j-a <L_3~£LJl sJL* jl jJli oJ_»jlU <lLw» j_* j ■ q-jj. 1 ; j Si <Jj-*-j 
°j! ^ i^- 5 ^ lSj^t ^ ^j—rju-^ 1 

4_Ls-Li jl Jkjsdl * j .LojJ 15 0 jJaJ LjjJL; o}L«J 4-SjjJl 

sJLC-L~w«_; jJwl (_5* a J *'■ 1 t j— ?-JjJ ■ ^ ll ( j— ^ la 7 i 

<Lw_«J*- ^_L_^ 4-«^>^>- t j-S^J c~LaJI jj-^ ^ o.ill ^yi-i-j Ja 1 1 jlj-="- 
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4^oJ-<JI jl j^Jl j»IJu>tJLw-L ^ jjl ( _ s JLj<J1 JaJwaJl 0>Ulji>- ^J. 

^j^Co-oJl t LaJI ^Jl j^>tj>Jl 5 j .,^:->»^ j ^jjl5vJl ^_iUl> ol jJL«Jl 

.cjljJt>cJl j» Ij-U- j-ij L^5sJ jJj>«>j (*-* , - > " 

<L!loJL>-l ■> ■ '•>"" o jJa^- aJL»X- iijLa Ja jJw? C~>o jlp £~i>j ilM 

oJla J-i-«_i iJLoLxJl oLJIjJtJI £-^>j oL>LJl tjL>iJMl 
■Gli J^iJ M liUii dyS^, cy.^ ^ 

( jjo ljj>- if- jj>£ <JL«_P aI^P j^Loj |Jl»j ^Jj-^-jjJ ■ e, U <~~_JL> 

^jLaJI o^J ^^JLx 251) ji-^Jl cj>u" CjLjJ 425 5 jl ^ 

£>>j frl .,^all j5^o _5*>Uslj J.^v^JI j^y-jjJ . g ll (j-Jlj ^j^iJ •^-Hj^ 
jli j.j.tu* <>_b>-l jJI ^<JJ iilSJlj <o>^L- j iJjULJI ols dUi 
frLLjL BMW iSj-i jU tiJUi (^jj .oljL— Jl ^V^a *IjJlo 

<Uj1^j1 O j g Ulj L^LjLo jjjI (J-o-*^ J— ~<Jl i j~^JJ-^~^^->, <daj>t>i 

(*-t^J' ol-LidJU jv^>tJl >— ■ • ( j~?"Jj- )l r$-^ ^IjL-Jl J-J<Juj 
DulS Ll^JI ^ 1 jjJl^>- ^1 JJUi ^LaJI j»J Jls j 1 j-it^jJl 

iLjJs i_L<J SjL~Jl il jli l-J ._b>-ljJl c^Jl ^ j^-jjJUfJl 
oJl» Ji« ^ JL«JI jlju jJ-j (5jL_JI JllLo jiL~j Lojcx-) cj!jLL«JI 

.<jj _JaJl 

jl "Uw*^ 5jl jj>- la « i-jL^»— S aJL>- l j r ^J> _j5s^_«Jl jj^s 

4 »L— -<Jl CjIj jlj^Jli t ^-j la ... ll ( _ J -Lf *— ^ j~i • TJJ 1 1 j ^ J^*^*^ 
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J-^ <J^ J-*-^ i^- 11 L*- 1 l5 j-^I 0-"J 

ill?- jj—^-l ^ ,j^l»J jj-^-jjJ—ft olji jl ijjJajJl J _^jL> j 

ikS ixJl ^ 3 jjiUJ ^IkJl IJl» Jl* ^ ^~?-jjJu^Jl J1*jj 
oL>-jj ^ J^iJ -Ojjj^I £jLL^> l^ilo^i ikS3l 5JL l»l 4j»LkJl 
oJl* ^ji jy*jj .2 ji j]\ iJb£Jl ^j* iuJl ^ 2 ajjLipI SjI 

JjjJl 25 LgJjJli SjLij SJLL>s_* j^-^-jj-X^gJl oLlj^ 

: ^Ljj^fl SjJi ^JLiaj ^ ^ cJ> " «j-*J . OJJL^t-oJl ^s-jjJL^Jl 

j!j^-l jl5 lil L-i ^J>\ ji\ jJ- y» j .£_jl^«_Jl iijjUl AsLkJl 

^ 8 ^Jl ^-Jl ^ 6 J *Uol y* yiJU LuJ ^UJl ^iS"! j 
lgjjJL>o j^-*J oJlA ( j50 4 ( _ r >5oJlJ JjUJI jljjJl ^ <&JI 

ipL^ .Lju>J Ji«j ^rjjXy^ <-y&i\ jlj^-Vl JljUj 
jl ^liJl JJL^Jl J^»UJl Ij^ks- j^>- j jJL^Jl Jji^l 



(») 



^j-^j (^^. *'- > -:^ j>— -Ml l _ # ia-ct Jlli jl la : « : (Hindenburg) ^Jjj-jJl (») 
jl5 j ^r-lb^l j~c- yJS )\ JiJ ^oi^lj (1934 . 1847) ^JJw j > Jjt Ulil 

Js «J jl* 1937 y\j> /jU 6 ^>jLj <jl ji— ^ j 'O^r Jj-W S ^-*i 
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L*>Li- sLco Lol .Li j>- o_j_oJL j.rjj g ^ -^j-d (Hindenburg) 

.Ajj>w ^y> jiiajl U lij LjJi>J jjLiiu <d*j*J ^1 

J_»-*J (Pinto jJUj J->ij-o) J^-o 5jLw- jl j—- ^ j 

( J^ju SjL-~" jl l (_£JI»J| <3jj]a <_y* ^-rfr--''- 0 ij^p^ drij^^i 

<w~Uio _/>^l jli i£s^>Jl yikuJl olj~cJl Cols' L-p j .Jaii 

o i_as p*>LjL; - LiJaUij LliLc- _ ^ j ; 'L j ^Liil jj^j>«-«Jl jrr?" jj-L^Jl 

III 

Jjfc JU 4iUaJl jJ^J 

(1)1 t^-^xj 4jjjtt>> C-J 

JJLf- Ji=r-j-i ^/ j .Ljij^j>*j iilkJl ^ysLuil (jfJLxi j j^j jl LJLp 

i, a. la'i jL>*-J i^^-Lv^ <j*^-H j*- 4 ^iUaJl (j*^!.? jlj^>-l {y> LoCaj 

^ LJblf- >-a,..l?,v" LxJwoJ i_~oL*>l y>-\ y- i)L* j^So ^3 lilj 
( _ r Lp Jj^;^ J^i^ - ^^r- 0 (jJ- 5 ^;- 0 j-° jlSCil J::^".' "^._y^ 
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.ijt-JaJl Lit...,; aJLJ^I 43*>L«J AjJUl Oli 4 ; ^-jJ_j^3l 
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• j*-f-''jjW*-' J/ 1 I_«aLi> O?* 3 -?^' O^-A*"^ 

4jLL^~j (_$jJl frl^fril L« ^-w^Jo SUU-a LaLoJJsl (_$JLj jt ij^Sllj 

-Lju £JS _^aj (j^j (_y9 ^j—^Jl Jia JjCj j| ^~>JJ 

^1 ,^oL<Jl ^y> ju>-Ij lJusj .L^J-a JJLiJlj lf*s- i«j>-L!l oLSLaJMI 
^ j <, (Synthetic Zeolites) ~*-~S cjIxj^^jjJLs Nl j>Lp 

jjjljl £-Ll>^ laa'.ll <LpIw? ^ L^UP jJ C~l~~^j ^Ij^l^^I 

ju>ji j»LaJl, v^-h^ 1 <y l^^ 1 
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kJ zi\ (Chlorofluorocarons) S_J _^L5 j j-lij j-L£Jl il j-«Jl J-**- 4 c-Jb- 



jUjj iil_~o*>U Sj^JLJI oL>_—»*>«Jl j^jjjbJl j^jJLdl ^Jjx^vjj 

LfL/ai _j (Cadmium) ^ j-^iliCJl _j jJl t SJ...alH jiLx^Jl 

hj yJl (Three Mile Island) Ju^LI Jul* <_g _p ik>^o \^ ;^J?>Jl 

Sj jU^ jl .OjN _^_jjl (.IJL^Lw-L L5j>- 

S-^iLdJ b-iU *>\JL>- J-^r! '^-r-J' S.JU- ojLjcl^I o>1>Jj>iJ ^ J-«l*jJl 
SjIoj>- SJ15_j ^jjt oj—w° oljlo.ti~.il J g .t.^ (J-^" Sj^jLJl 

SjL*JJ w>IJb Sj^jLjl jl jj->>- oL^/ jJl 

L^JjLaJ ^^-ll Sjj la jJl ^/j >tJ oLjj>«jJ >iS LgJl <CLwJL 

jU tlJJ .«-l_^fll ^ jl LjjLgjlj L!_jIjl>- ^ Sj_^UI oL~~?Jl o*^} 

j^l <U>j^>Lo <Uo ■ la.'.." <U>tJl^U«l ^Jyjj Sj ^ibJl 4*jJcl3 ^^i-Jl 
J^ikJl jls ti_Ji£Jl ^Ji <u»L>- Jio 

Lj^j jpA ijJ^Jl] y- j^-Lx-^j 1 y>-\ Si ^jP 4»l 4j>ijIj 

(_5_lJ p-tJl S««L>- SJb^ jl .^UjSlI Jllj ^ j»LiJ^I /yi Ji^ ^.^ la 7 



JU »L.j^SL!l -lJjJ ijjjJ ^ : (Three Mile Island) JJ^U JjLo (») 

.ij^ iJjlS JJ jjlaZ ji ojIS i'^ 1979 ^jb. /jlil 29 ^ 
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jit jl ^ * ° j\ y^j y^j J J-X?- ^ <UL~Jl ^jLLLJI JjU jllai-M 

i L^Jl»j>- '^y ;i \ ^j-Jl ~ & ^y? j-»Jl ioL~«— 5sJl >jijL™»>i^*JI j^wj 

^5L>jj .Ol-UjUl JjJIjJI OJj J a jJsJLi Lftij^j oLjlkj (_J y>C il 

I ^ ... . L jl ^^SL^j ^j>- j t <Lo*^>L« j-i^l oL«^^>»jl<JI oJla Jj»->5J jl 
A^»jkL«^»Jl ( j^> Lw« ( J5^ j^S^w _}JI jj^«-» i^JlSj .^3l>«-xJI 

ji (Carlsbad) ^LjJjlS ^ (Seacoast) c~- _j5 j 
AjLsJti- 4JL>.i oL—pxXa saJ ( _ J iJl oL5 ^JLlI (_5-^>-| 

^IjIJI iiJ» ^y> t _ J ~* ^j™^^ *_«Jhjj .sj^juJI oLM _^Jl 

>_j _j_Lla_o_]| i-jL-o— 5\Jl o^L»Jl J-^-jj j .frL j g S\ 1 1 ^j-Ji-vs j_o jr*-*'' £^ 
IJla j t aJL»_aJI ia.lall ^ L^s^Ua^I tobMl oi-A ^ 

LjL j ^5 <^^_>tJ j^jL; jr*-* ' 5b*>L! i_JL j ^ S\ Si j->«-!l 



Jonathan Knight, ((Tomorrow's World, » Nature, vol. 426 (11 December (1) 
2003), pp. 709-711. 
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<_£j-iL)l ^iiijj tCL^-itjU^l 4_»_Ja) iL—J^j cjIjUJI J-~«J 

Jjs^jj-jJI tii_fc ul f-^jj .ii-L>r^»Jl oL ?tI_aJJ L^JaLLV i l ; ...... ll 

i ( « ^ 4— i_i j-i j (Tim Swager) j-^-jj— ^ ^—yZ ^L_i 



^1 ^awJ jj <J ^JL*-*-» .LJl~«*~S' i^l*-^>ijl c-jlj-^Jj^il * 
<jL^Jl 1 _ 5 JLj- I.sLjlpI IJj>- dri^r* <^>UUSo «• j.^ll 



Anthony W. Czarnik, «A Sense for Landmines,» Nature, vol. 394 (30 (2) 
July 1998), pp. 417-18, and Shi-Wei Zhang and Timothy M. Swager, ((Fluorescent 
Detection of Chemical Warfare Agents: Functional Group Specific Ratiometric 
Cbemosensors,» Journal of the American Chemical Society, vol. 125 (2003), pp. 
3420-3421. 
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kiltaj ii^L^j o j>Jzl*3\ TNT ojLo ^JLi^S'L y^jj^ Jij 
.fUjVl iJljl ^)l ^IjLLlJI ^ jlAl ^ ^jl ^Jl J 
( _ r »iJl aJI* LgJ^J jMl oljLkJl ^ TNT o>L™>*i» j 

tj»L~J La jL^j— I t '. d |J_^- J^a-x^ (_j.fi t J*>L5Ul Lai .4-!j-<kJ><_a 

o> j^pl aJlSLL^J "}L^ ojL^jI _y TNT 3jL> ^L™~>^ ^ j^jj^. 
j^>JjJl oLij^- oJlixJ iLLJl oL~->>wJl ^yis tiajLJl JL>^-S/I 
o">La iijjJaJl dLLbj . 1 g : ■ Lc- c~>^-£Jl jl-LytS '^3y ^^S ^ 

j^sjj^ ^lij .TNT ojLj j j^- jj ^juJI (Jjjj ^ ^rH"---" (.y 2 ^^ 

N kiJJjj (_y*J I <»ia«»~a 0>Lj^>- oJjJL>- 4j jj jlj^o , .0 

j»Jlp -Up (Jj^JI (j^ 1 iJLf- <L>-jJj Jaix>oj ^^lkJI Lj-iuu ^ ji ^jS^j 
jli TNT J I 1 J> x^z Lol . TNT ojL. j jj>- j 

.LjpL«-1^I oJLi ^3 L^i Lil.^ai 0> j^lil 



j»J TNT _> Lj-1j 4 j ■ ; •*' c£ j-^ < - J ^-ij s T' Ol j j^>-Ljl /^o Jij 

4_JLAj_a i=rj-L; ob^/l C~*JUjj .4 ^ ; ...tjl 0>LjJ^J|j TNT J-J 

^-ISUJ^U iLli j 



.(_)—* «><juJI (j-^ 1 ^Ijl?«i~uI o^Lf-^ 



Uil 4^L.l jj-lj 1 jj~U jjJL. j-» : (Trillion) jjJLjJl (-*-) 
U! Oj-Ij 4JI lo^-a i_aJL) jjjjjjjl ^> ^5! j^J (Quadrillion) jjjjjjlj^jl 
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i^jLuzp }| J_»_e- |j_>. j^La ol: bj»L- Ji 

oiLjl »Jl» jl*^~J ( yxJ _j . (Neurotransmitter) a.. . ■/? e JL* jl oil* 

^ <JLxi oUjjJ^fl ^j— I i^J^tJ ji^JJ LUt^-cNl ^JaI~J 

oj-ft COILS' lil U-i lj_«_L«_; .i^>w^L>Jl oL»-;jJ^/l oJl*. J-*-*- 

JiX^. — Jl J^MI ^iLlJuS'l ^ iJU i ^ I jp^J j .11* TNT 

. 0 4^-*jL^>o 



Jl J^L O^l jUa>-Sfl 




j» jij jl i_>- j] J^l jUJ L^iLi^l jcs. JJix^ ^1 <>yl-Jl 

^ (ISN) L>- J yiC'jJUJ ^J^>JI JLpo. ^ L^J ki^Jl jd\ 
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Lo J-£J tio ; ljp 4->l_Li £i1j-»Jl JL>-I ^ ^L>«-<J| >ij jl 

iSjJ»_«JI ^j_~~o 4-*_»_>5j^Jl oL«_»JL*_«JI _J-* 4J>-L->«_| 

^jJL)o jl iil jjl LJlp . L^JLo LSsji iol j U ^ss>^ j ioL»_^ o>LLij y>j 

4 U ■ ..< J 4 la 5 ; J} LjLLs- 0>Lo _4-L*_oJl JjS^JJ ^L™~>tJLoJl y 4^L-Ji 

(Moteo) « Jli t I y>-jj> »-^J->- 4L-sm-JI j^—l ^-0 _^ -Ls j 
^_jj-xU>- jjb JjjM iSj_Jij ^J) LjjjjjJLS' 4_x_oL>- aJjjJs (_jJLJI 

oLULjjl ^JS-C~~jj isUaJl 4jjLkj ( _ J ip JUj>j LjIS (_£ ys>^a 

fi^JLil ^j| j^\d _; Uijl j^Jl j .o>Lj jJLx^Jl JjLJ S^LoM 
_ r >wiJl ^ i^-jjJl tiLLo j t (Smart Dust) 

J 1 J^*- iJ» ^ J^* 0^*; ^-—^ ^Ly'j^'j a*?~J\j 

4_4jjJaj C-«-il Ji k-J^j— Lx-llj k — iJLgJl 0>lSL-i C-jlSj 
jLa o j*JL> t_$-^-l 4^L— Lll ^jS j J-S^-i 4-w^ J iUa-f-J ^o- Lit-jjU 

^/jj iSLJLlI j» tioUUl Lo_up dJJSj tills- (_jt 

^LjL«-S31 y iil _oJl LJjj U-Up : cJ _jJl ^*JIj tiJJS 
^j-w^J i—Ls- JLLLuJ ^ill LjljLii ,j— Jb LoJJ-t j 4^Ljl!L 4 la ." j-«Jlj 
(j^- 9 t i.cA'Xi Lu5wi ^1 jj j ill Ju LoJLlp jl L^j 4-^5 Ls- 
(_jl jji LjjI^ |< oiLSLji i^jLsl j^Jl oJLa ^^ :; - :>, ^ 

ij^-J i _ r — ~ ^*sJJ cj-^- 9 t ol J_J J^Jl 4j_«_aJ Lo lj_05J .^S-jLs- ( J_S-JJ 
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^ol^JJ £U_-JJ (Tiny OS) ^^Ju J^i-^j ^UiJ y.j^-t O j—U^Jl 



J j^U^Uj ol^JI ^ ^LJl cJSL^Jl 

J ^»A>*^~»X~>j ytJl oIJljj J ^JjLiUjI ^»*Af^J ^LU^- 

J> JU^I J> iLSJ^I JU_*j JU-j SJLpI J J., i: J I 

Jjjj pli -Lai t(Maine) j^La j (Great Duck) ita c^j^ 
<Lf-_j^>«^JI C~alij .ojjLJI jjJaJl J^-l LfJl L>Jj ^ylll j jj>t>Jl J y>- 

e-LwiJlj JaJwaJlj *^.y& j-i'j oj' ./^-^ oL-o^ jlS j 

.\y\S Ui^ 
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Lx^i i ^j^f- I j-^* - J-~*-' C oLj jJl»JI 4_»^ (j-'LJ o[ 

jJLJI oJlA ( Jj> ^yjj 4^>-L>u LuSvJ i. ojll«-o » j\a}>- <tJb>wJl 

LJljL— ^ (Catalytic Converter) «jLL>Jl J_p^Jl» ^ oN^jjJl 
j-jsU* <LiJLoi olj jJL ^^ill oLo^/^jjJI ^-^jj _j->Li 

■ l^aillg jJ LiLvil La~5\J ^-~> Lo^i j^J> ioL«-5 oL»S^li C-jN_jj^JI 
dUij t J I k— 1 j-i jl ^j-L* '■^■-d'^J-dJ-^ olji lam ^-AjJ 

(Molecular <^>.y>r <_LJ j^S LojI oLuN^jJI J-«-*j"j .^Ja-Jl oi-» 

Sieves) 

^L^lj .awjL>«J| oj_a "UXjJ^JI <cJLuJIj J ./? a \\ JL«JLxjj 

(^jJl jl la a i o^JwaJl 4JlcLaJL«JI oLljJ^>Jl J-^j 
j-P ( _ s Ja^.jJ! oUnrw<JI 0 j5 JU5 jJ J">Li- /y J^LajJl ^ j»^><jJL; 
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jJU j»_?<j>«J Ljy-j ^->ocJ\ o.sju>«_/> JL»_^5MI j->«-j J-pLixJl jl—^o 

i3l;^ \^.iJLiwL-i .*Ul ^j^: '^W>J i~<>*Ji >M 

.LfJ^Ai- jj^hJL ,_yiuJl 

j_jb I4I9 o jiLlwvJl j\ jj> JJI ^ L^_J ^1 JUJ Ld! 

<L> j-a*JI 0L0 j-»Jl ^ <J .—J yj\ j~e- e-LJl *Jl jl> j> jxi t jj-^Ljco 

iuJl ^ 97 ( _ j 1p ^j-aSj ^ j .oljLwJl ^ joUJl « ' 4j jLJl 

^,3 90j j^jl5^Jl J~~S'jl Jjl j» ixJl ^ 96j oUjjjl5jjX4Jl y 

^ 80 iijJLk* j 4_JL»JJl LSoj^l 3 j>° ^ j »jLw>- ^ 

oliliJl i jijj J I la a". II CjU (*~; ^r^" iailH 

j»L>Jl k-ajJl J^j-; 0} .C LL^l j J_JjjJI OjjJj i-^i^xJl Ij^jj 

L^>-Li^-I t^^-Jl iaJLj < *" ''a^JI 40 ^1 30 _pJ tSyn 
.LilS ^j-J oJL>-j J_^a_iJl op IjJtiX^Jl ^ 50 JjU^Lj /^jJJ-JJ 



^ 40 j\ 30 JJ J-^" "i 3 Jaii idl ^ 20 JjA^ ^ iiJiJ-l ^ j JaiJl iiliS' 
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c (Cracking) j^-S^Jl <JL»* ^1 *js*JJl ^ ^JJaJl iJLa ^h-^i j 
ilsJLJl ijij ^L^' J^-* t » J rc-r^-'' oLijjj>Jl 

SJIp SJliSjl «L>-j.i kiUcuj V 5cJl JUj ,_^>- j»L>Jl JaiJl ^ 

oj— - Ujup tj^j^JJ ^L^jSlI ^j^^Jl 5^LjJ ^»Jl>i^j 
^> jJLkJl jl£ ^^Jl jJl J*' V>5 v^ 3 -^ i>h' 

^JLi*_L-~Jj .jLl5j^I ij-ijJl (T^-^ "-^-M- <jj^> ^J- 1 -^! 

j>jij J! f^' J 'jrf^ ^.>Jl Ji^ 3 j^ 1 ob/^jJl 

oU j£Jl JwziJ fl-ii^L ^_UI ^ ^Jl jL^jVl 

i£ j^>*j ^j^ll /^L; <>* *>-l _/>«^l -Uj ^JL«t<Jl ^ ^yi^JaJl jUJl 
JU^" N ^ ilj-Jl oJl* yij)f iiLAj oUjl* 

£-lj-il C^-*-*-«— -Li j . I J IL. k_jL^aJ jl L_~w.Li^ll Js jJa_i- 

tLJl oLl,j^-j jjjjL^Jl J_j^5jl iLJsw'V oj^jojJl 
.LfJ*>lj- jjj^JL SJiSlaJl oli oUj^Jl jLL^JJ ^L^..,Jl 

Jl^j! ^ J> 99 5Jlj>[ U,l Oj^jjjJI ^ £ljJ! ^Jiic-Jj 
^— .1 ■ .. ^ l l j-* jj-S^j k—— -~jj 'Jjjj'^' jJ jJ t yJl ^j^-j^^jJl 

o jiJl oLksu j^f- oiJLJl oli*-Jw«Jl jj> JXIij (Smog) jU-jJl j 
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4-*_jL«Jl iJjljLLjl 4j>«JL»-«J 4_JL>JjjJl J^jl 

jus i (3) objM_^j^ii oI«Iji>«i~.NI p_*T ^ y> iLJbJl ^ ^^Jl 
L^-jJjjJljs -JL* yb j t (Robert S. Bowman) jLsjL ^~>j->jj 
jj t L> jJ ySci\ j j^JljcJJ jSL r ~£L* JL^c ^ (Hydrologist) 
^^aJl s-LJJ ^L— Jl j oLi jJ-«Jl ^yo j (_gj^o i>JL*^J oLjVjjjJI 

<L«jkL-w« y* .<Lj^j»«Jl «Lw»Jl J*>U>- j-i^J oUj-LJ! 

IjjI 4_«_oU>- ^ (Sarah Larsen) ijL^ <^>jj^> 

JjI y* JjJjJI j j-l^Ml ^ oLoLo-5\Jl Jia _ (Voc's) S^jUa^J 



(Wilfred yJJ -byiLj »li j .ilJl L^'ii iLiiJl jiU^J 
^LLoJl ^jit isj JjL* ^ LjjjiJLS ixjiL?- Chen) 



U. S. EPA 2004 Nanotechnology Science to Achieve Results (STAR) (3) 
Progress Review Workshop - Nanotechnology and the Environment II, August 
18-20, 2004. 

http://es.epa.gov. : 
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^ <u c jc« ^j->j i-JLc- i-jliol o>li oiLJjjj <L*jj^_j ^j-^ 

<L^JbJl oU>-wwJ^l <u^~J ^o^JI ^».>^uaiJI 

^*>LJlj <jUjJIj ^^^^Jl ^ LjJLJl oL»~™^>Jl jl 
.LJLp a^jL^-S iJUi oli LgJ j5 dU-L! ( _ J —L*^I ^_™Jlj i^~Jl 

o j^Oj* AjjjLJI 0>L«_w™>cJI j <LolSCoJ J NIj^j 4 la i', 11 oJLa j->ijj 

ajwU- (Vicky Colvin) ^^jS ^Ls c~^J j .^>Jl Jlj aLJl 

4_^<jwww ^jjjJ o-tjlij . 4j jjLJI c-»L^_s^j>«J1 1? w 1 4-oL-<jws5sJl 4JL>tJl 
•*_)_> Li ■ 1 Lol.^t)-^ L^-j la . * Oj _p- <_5""~^ tijjjUl o>L>_— . ~_>Jl 

C~~Jj .L^-jJa-^ j jj>t_j (_y-^l k-ii-L) t «-L«Jl ^^-S jl_ijJ_U 



Vicki L. Colvin, «The Potential Environmental Impact of Engineered (4) 
Nanomaterials,» Nature Bio-Technology, vol. 21, no. 10 (October 2003), pp. 1166- 
1 170. 

Christie M. Sayes [et al.], «The Differential Cytotoxicity of Water - (5) 
Soluble Fullerencs,» Nuno Letters, vol. 4, no. 10 (2004), pp. 1881-1887. 
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i/^'j J^ 1 -^^ o^i Jr-*^ <_y£* i5j_^-<Jl 



Jj> e-UJ iJUi ^jAJ j i^Jl <_y3 «_Jj— *>L£J Ljj j^i^Jl j^Jj 

.jl^S 1* jl — ;)/! fUJ* ^ J>JJj ^^"J u-^J- 5 ' 

US' (, LjLijl AL-iJl L!5\jixJl t yJh jl (^Uj ilj^ (jP 0_£>w jUa^f-JLi 
jjiJ jS ^!lj*J laJUP-J .^j-j^La i jLs- ^Juj jJ-^^Jy L ^ Ua^xi {y> Juji jl 

L$Jli t*L»Jl ^ji L^-lL-iji "^J-jli ^ LajlpI J ^j^** 

\J\ .L*>LiJl jl jJL^- j^-U (i-Dl ^-^-^jNl c~>^l j c~b£: 
tjUill ^>*~£ji\ jJy jj cjI^S jU ^jia^Jl c>JU- U-u*. 

jlip oJi> j oi j . <6) 2003 i— jlJb^Jl ajjU-I aJ^jjI^JI i>jJbJl 
jl^ r tiJlj jlij^Jl ^ji j-fiaJ i^LwfcJl j»LlajJl Jj<j J^j SjLp ii">U- 



D. B. Warheit [et al.], «Comparative Pulmonary Toxicity Assessment of (6) 
Single - Wall Carbon Nanotubes in Rats,» Toxicologkal Sciences, vol. 77, no. I 
(2004), pp. 117-125. 
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(•IjjSfl j j j b t l,f «/■ 1 j»Juk^l ^JUl jJ_*_»Jl Jj ojJLJl 

L>— 3 J I ^pf? ^xJl C^L^U~s (J ^j-**^"^^ t j* J ^y* 1 ^^^ j^JU*uj ,4-*«J>tJl 

Olfrlfol l.->,fr. a LftJjwsLwaj AjjjUl Lj>- jJ jJ^lJl 

^jlt J^jJLj I L« lil jjtJl ^jj^Aj jl J-Aj-^J jl j-aJ JjL>*j J 

4Jb>- jj> ^1 4_jJLJI oLo_jJl>c»JI I^JLsf^J ^^«-Jl ^yjl .,^»^-l jjjsJI 
d\j tj-»<ail j\aj oJb««_» j_^ScL~» iJLJb»Jl jisLii^Jl jli tjjiLiJl 
JJjLiJ JyJ i^x-Jl oL" ^^Jl i^ljju j»LJUl 

.l^jUx^aj Aj^jUI AjJjlJl 

^^Jlc- .ilj-a p i via i LoJlLx.9 t j^j»J ! j jJ ji^i jjJuJLxJl ^L^J-o j^SvJo 
j\ ajj JJl L^jU _j5Co j^p oj^u ^^isl _^i>- IgJ j_^5vj ^^ySG <_£ _^jUl ^LL^Jl 

t j-« I yOjl 4jlilj>x^ j j^C— u I g " " ■ ■' jli <.~t>j~&}\ <Lw»^»t->tJl L^jL^A 

<.5jjIj itJl ^ L^i^UaJl iJLCl j*V aJ^I V't^^" b- 5 I 
.L^-o— (j-j-Ju jl i—~i^J jLJ^I I^-^'Aj jl j^Uo < _ y Jl dii; L«l 
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iblft oj j .,13 1 «ULi>Jl ^ 4jjjj>t» £y^> L^»!-Li«JL^l L^P 

(3 ^laJl <wlxi^o <LjjUI ol^~~>JJ 4l£U~<Jl £0 J^aL*lj 

j lis)/ 1 jl ?i^Le- ojj-A; <L«LJl .ilj-Jl Lfj J-»l*^ ^1 

jl ii-JJ o>L* dLL; LJ SJi_j>- ^jUJ Ul LpI JUl 

^j-^iaJl .U<i;l ^j^jLJl oLo— ^>Jl! ^L><^j ojL»j^-I t j£*j jl~j^Ai 
L5 te-IJu)/l tiLLuJ i;_u>tz_^jl ^_*.>l j» jl I^S"jJu jl ^-j^iUl 

<U«— ^ "A^^t^a iajjiaj ^JiJl Jj^JCo IjlJ-o jl p f -Lpj 'o- 1 —*- Lfjl 

Sj J../J I ^^JLwJl jlJL_«Jl ^_*S>^JJ .l_Aj_>jilj 4_JL»_ff- J^Li- ,ilj_«Jl ojuA 
CjI^-jLj aJ jj^J jl jj^-o-i j-^>«JJ j»-L>*-~o jl (j^-oj : iJbusJl 

a»Lp oLiLij ^ Lw-jill ^tAi jl ^j^jjjLi ^j^jc£ [^As-j ,\.,/><\ SjLJ> 

^iL-Jl jJi jS\ ^s- J j^a>Jl < 0^5 ^jIp N iia^iJ 

^yo ^,1 jj^s-^/l c_ ijS tii!j5 J-o-io jl i— ^-i Jj UjIjIS^jI 

.LaLpjcjI ^1 5JuJu»JI j| j^Jl) iJLJl oL' _yuJl 
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AijLvsJl CjLLia <C^>tf- (J-aU L^«Jj^-«J ( _ J iJl ojjjjl j\ .SjjJLloJl 

AiJuAll ibS j^j Li 2 ?--! Ml £-«-*aJl iJl* ' aJL> M jjjs- ^yj 

43JU<s ixijLio Jjt>o Ajj-ygli <LJL>j^jl ijJl UwJLo ^> ^aJI jl Ml 
oLi jjjL^ »j _j-l-> e j^o ^jMl Aj*>\jLi AjJj ^^SUJ (_g y>^\ jl j_^>Jl 

AjjJJi»Jl ojjjJli c ^<u> . JaJl ^ . <> jj-T Jlla i ^Ll«JI jij^-j 



Zhengzhong Shao and Fritz Vollrath, «Surprising Strength of Silkon (1) 
Silk,» Nature, vol. 418 (15 August 2002), p. 741. 
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J^a y\j 800 APj-~) (jJJaX; jl ( j£U-> UL*>U>- ( JJ>-li a5 (Jjbt^J 

j t5jL-JL OjUJ <u*LS L*ij jJj .SJjLa ,j ji JjII* iJtiil 

»L>Jl j» jJjJI <_^^" (Biomimetics) jJ _^_Jl ol5l>«_«Jl ^ 
ij^i^t- ^j^c^j, 4. » -...Ja-il jji^-Ul p-Uijj ijiJl ^Uu" ^1 

<L>jJlj oli .ilj^ t^*' * fr» II ^y_j^j> 

(Angela *>UJ L^jlaJL- ^1 olil U L- jl 

UL* ^ LJj jjLJLS" ot»L>- ^ l _ r A* L« ^ oJl5 ^1 _ Belcher) 




i_~JL*l Vjl p-LxJ . (Biomimetics) l~>- jJ j-~J\ olSU^Jl ^ jjxj 
>w~<~>- oJjJu>- ^-J .,/>' Lfi>u kiDS Jj«j ^Jj < . l?Jl 

i^JaJl ^ ^Jl JJLjJaJl i-ljJl. (2) 1 996 ^il 



A. M. Belcher [et al.], «Control of Crystal Phase Switching and (2) 
Orientation by Soluble Mollusc-Shell Proteins,» Nature, vol. 381 (2 May 1996), 
pp. 56-58. 
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4a!Ii«J! Ijjjii] ioLJl oUl cLULj t.Ajj>*J\ cjUI_j->JI AiJU<s 

^^Lij i .! > - JjLa l$JI ^1 t L$ ./?».; 4S j^aJut ijjLxia <Ujj-L» 

~<>j*±S\ iiJLs<aJl » aJjJ ^1 oLLkJlj .^jjUl ^Li^Jl j^^Ip ^J^La 

L«_ft*>LSj toljjJLJl ^j^s (jc* jj jrri ^-;j^«~ 0 J-; <>■"-» C J 

^ l$i jjL*ff ^ .., la:7 ^ i_aJuL>«J ^ _j-^JL$Jl cjUjjjL^ 

-y> iiJudl l» lilj .J-f>JJ iiLL>t» oUU^I ^J-p 

^■L^ J^U- yJb _j .^U^p^J ^iJl ^jUj^JI y _J—\l 

wjjLj (Abalone) «jjJU» Jl _^.uJl c^x-Jl jl_^>Jl jl L^L^^ 

.i-jL*J^»Jl ol S . la l| jj-«-J oU—jjjJl jr?* J"* ^-^---x 0 ' jjry 

•Li iwJlulJU CjL-jj^I »Jl» jl j_£ _^>«Jl (_£ ji~ jJl jl _^~>«Ji ^ jAjj 

jjJbNl jl_^~>- 9 • e$I • jl • ^-i" ^j* i>x^-Ujl OL-Jj^jl isJlAj 

<jjLa_x^»Jl Sj j jJl aJ jj>t» e-LJl <l>- y; t _^Jl ^,jLi>^Jl pIjJLo lJLa*-; 

J^xJL j-li-; C~ali_j .Juo^Jl ^s- SjjLflJl -b-Li ^j-^ 3 



= Bettye L. Smith [et al.], «Molecular Mechanistic Orgin of the Toughness (3) 
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.ASj-^sJl vJjUJ=> bjjj (_$jJl ^ ./all ^^Lp «wt>- ojj^zj Lfi=>«J 

l^jl^j J ^-J-l (_5* *— -^J^ j-* ^-o ./all I JLa> i_i)l^jj 

jJU ^L^o-. ^^vw^ li (Atomic Force Microscope) 

iijjiaj JUtJl |»jUj ^ ^^JjJI jl OJ^-jj I iL;^>si iijj^>- J_^>*}Ul 
.oj^JJl oLiLk. isLjj^/1 -Ui^j Jr^' J-^ -JL-iJl jj^-v 

kiJJLi-«j jjJLiNl jl i o j_>^j J*>j>- ^t-si" 

Ja ^ijlj t j*_jLgjJJ ^fi 1 y<-^>. ^ J 4jl.i J-Jl ^ i j-iJl J oe-L^Jl 
.JLjUJl 4*15 Jj>J j! JJ J-£>Jl ^ l^~5 IjJi y>^l 

(Sisyphus ^ j_a ■ , * 4_;jJL*_) 4JL*^l_^L j— o^Uj 

^Jl <U ji^o ^Ju ^ jjL. ...... ^li LJ5La (.AjjjJa-^Nl Punishment) 

( _ r -._U_aJl jjfc j tjjJLi^/1 iiJL^j ^,^5 JjL>tj jjJL^II ol a.. 1? 1 

.(Sea Otter) ^Jl 

J^SLjk ia^> -Ijjj ^ Oj^^S oji jl _^~»Jl I j-» -ia-L~Jj 



of Natural Adhesives, Fibres and Composites,)) Nature, vol. 399 (24 June 1999), 
pp. 761-763. 
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'1 



^iJu/Jl oUJs Jaj^j (^jJl Ji^Jl ^iUl ^JaiJ jl JJj .*>LJi 4i_UaJl 
^Lkil iki' ^1 i Jul J-a> s 5jl y- ^1 4 ^ >*Jl ^.uDl (jl 

.io-L- iiJwaJl iLp-)il 

^-•,,ft,../ ? . ^l l oL^jj jj (^-Jl *ui^iJl oLa jJ_*»J1 ^l^-i iSj^^t 

<LjLp- ol^-Jij J">\j- cJjU- -li 4j> , .lalli t isjLvaJl j> jjj ^jlll 

jyl (jjJl « . (_;T . jl Jl jL£-L j_JaJl tSJu-U- -uijUi; 

^JUl jJlL J^p , jlSj _ /f >«Jl ^-LiJ jLia oliJu<aJi ^1 
^ .Lk^Jlj . «J jU«JI jJL-S/ J— Jl I Jl» j Jili ^ 

^jUI j o^f jUx^Jl oljLLo SJcJ a~>- _J _^~Jl oLL>jJl J^>- 

oi*j ti_»Jl ol^U<Jl JjP <l^nJJ iwb *JjJa-> 
AjCM j-Jj Jr^o jj j .3JjJl>JI Jj_JI L-oJU^J iJUi Uu jj t _yJl 
t_~JLJ oLS'Ism-i O-oli IwU tjjJaJl ^ ^j-J^Jl j*>LJ jl laliNb 

fJ i>°J ./cc^ 1 li' t^JaJl jjJaJI 



a_j«jJ Ujla jJLL OjLl?-I 



^ja^j jl : < ' 4) L^_ : _«Jj j^Jl j_JaJl i^j«jJ Ls-La j-iJJ ojLl^I 



Sandra R. Whaley [et al.], «Selection of Peptides with Semiconductor (4) 
Binding Specificity for Directed Nano-Crystal Assembly,)) Nature, vol. 405 (8 June 
2000), pp. 665-668. 
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L*jjL>«_a 0 '^-<* _j-«-ll el >il viilj jJ-J S-oLi j ^ ClI j^ijl 

(5) ' 

c—olij tS-b>-lj <4j-=r*j ^j* V^jj-J' o>ljLiJl oljLLo J*>U- i^UaJ 

^j-f- L»J[ t ol . . .,^?.->JI i_S^g-dl e-1— J _)l i^*0"*l ij"**"-' <3^-~" 

^-jjJl ^j-o j_« <u_Ji oljjJu pljj f^-p J-c-L*~j ( _y^-ll oLwojj^Jl 

J jis ob Jj*>li L.AiU- ^ijJ^e- iaJJ^i <L;Ju>x-;l 

j^IjjxJ! ^Ijjl J .*^US ^Jl L»j ^»^Jj^jjJl ^jLx^oj oL^LaJlj 

^ ^ jJl « . ,jl . jl • tS-i" Jl ^ *-J ysS~* Sj^LiJl ilJL^-ol 



Nadrian C. Seeman and Angela M. Becher. «Emulating Biology: (5) 
Building Nanostructurcs from the Bottom up,» Proceedings of the National 
Academy of Sciences, vol. 99, suppl. 2 (30 April 2002), pp. 6451-6455. 
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<_£l i-Ux~. « . . jl .<_$:>» Jl l J-p ol^r t*L*il_j *bjj>- 

JJUi Jjb 1$-— i ^id; Jj ibjb J— *>L-S' ^yiJ ^ l$J^ t Jj&Ju 
.Lgjwo iiiLuJl cjbjj^xJl ^Jl jj l _ j JLp oLj_j JLSwl ^ ajjAj> 

^LJLjl ^J-e- (Origami) ( ** ) l _ J »LijjjNl <uJU oluJjjJl oUljJlj 

j»J>xjJ ^Ujjlj • ( _s^ J J^ aJLq-XJ <-» Wllj t (_£^l/OjjUl 

** * * 

ilLjk jl5 ISI Jj^Ij frLji^,l Ijlp iL^Lii* Lj-i « . ^1 . jl . ^p" Jl 
if- j^>j>«^J| ojjk oL> ^ jj5^o Jl jj (_JjLJl<i Jj>-I_j 

J^sJ 4-J^»Jl o jjLlJl ^ ii y>- yA oUl jjJl oJLa dJlSj .oLwujj-wiil 

o^w»juJI if- j^ft^Jl jj» oL-j^iJl ^ (JjL^JI •J-L^Jl kllJi ^ J>-\ 

• ^fj ^Ju\>- o jj~"J jJl Jail j^l 



.JLUI jj^JI > ji ^UjjSfl (*) 
Seung-Wuk Lee [et al.], «Ordering of Quantum Dots Using Genetically (6) 
Engineered Viruses,» Science, vol. 296 (3 May 2002), pp. 892-895. 



163 



]ak^-\ Ji oi^aJl ^1 dUb .ISL~«J La^S^/ frUJl ys 

-Lt9 ! (_£ ji-l ^jLLa 4j j^>tjj 4j>-b>- ilLjfc JjLi j^Jj .LgjL>tJ AS- yjs y> 

.1 Lj^x5L <. «oL~*jj— aJl ^j. a» ( _^> __ r *Jl dJUJU c^aiij £2"~jJ! 
t_~~w>- ^L-jjl^NI j^jj ^jj-jjJL; <jl ./?<Jl (E. Coli) ^ j% 

«-l_«Jlj j-^J-j ^J— ^ j-»-Jl <uJLj I g . " J (jl—AlJI 4 la -j-*>L^-i 




{Science ils^a ^y> iail _j^>j) ^yj ^ZjjJ\ ^i*>UJl 
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<Lol_aX~»l ,_yi-P -i->- j-* (J-~j i_™>- C- ila ■/?! LoJJ i ^ j^jjjl ( _ J i* <LoLjLP-l 
jj i\ t j ^LNl oJ-a! ^^JaJl j^Jl ijL jjs t LaJUos jlS t LjJljUJl 

(7) 

t jjjjill i_—^L)J <tJwJjjj ^_JliL> ^-i^-UU jll»j-~JlS' ( jp 

(J-i-* jLa-f- lalJ CjL-oj^aJl oljLJ-o -LJsjjtJ 1 g '. 'Co-; 

j "ill J-f^ J jJl>J! LgJ-SC<>j «-~iJ-t (j^L^-sl drr* J> "^-^ t j-^- <> -; 
b> lilj .(Cytochrome A3) A » j ^jj^L^j ia-J 



Mehmet Sarikaya, «Molecular Biomimetics: Nanotechnology through (7) 
Biology,» Nature Materials, vol. 2 (September 2003), pp. 577-585. 

it ^ji. ;jU *j _j j" jJI ^ -Xs-^j j-» i»U : (Cytochrome) j> j J> j^} " (*) 

iJjj^ oljjj ojLp (Heme) i* _>-<^f j .^Li j j^^'V' J-i< ^l-<^ ,, -! f j-^j (Heme) 
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.(jlui>-^/U iLoLS' <CjJU ijUfl L$lSU-~i _^>«Jl a^j J^>«Jl oJLft C~ili»l 

itiUj ^jic- ( j^>«j jl Ujj j£3 .*_JliaJl v_^>- 4jaJJajj ^JwJ 

^j-u j-Lpj-*-»-Jj <L*-**jJ _ ^j-^j j-Jl ljc-<*-*-* y ol 

^(Lance Armstrong) j _y^~*jl 
jj-o ^/-LJ 4 <LJl»«Jl LjI jj-Aj 1-^-*-! ^LjL^- 0 ^/! SLj>«JIj 

j ./j^j <d^jj jIJl^ ^» jJLi ^/ liLJ Jiii ^JjJUl i^jlj jLaxS^/I 

j^i ^Jl-b (ji^j ^yu Ji j! 4 0_pL;Sll Ol_j~>- Jrr^'i^ 

jJj i-LxJl oJla Ji-o <Lw«jJj (» ^ liUJ ^JL—Jl 

.e-U j^S^il jJjSj aS\~JL> o^iUo la." ^l! 



a^jJL-I oli" J*5^- j» SLs-JJ S 

ai ij-i-L; ">L>ol JU-pI ^ iL^-_p_^Jl pJL* jl 



jli ^^Lj 1 1971 jJ\ y L j£~>y\ : (Lance Armstrong) ^jjj-^j] ^J,^! (») 
.\ iJJ k~-\ Uelj ^ *Luf If (2005 iUJ 1999) iJl^. 
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t ^iLU5 k?- vs^JaJl jiJ .liU-l ^U^- <*Jl ^1 ,yJl *JU 
^^Jl i-^jJ^-Jl oL5L> M Jl c~°Jt>*^>l jSj .IS SLxJU 
l ^~ r uJl j£l .Jaiii hSL» frl^J o^/l j-iJj Lf^-Cul 

^J] ^LJl L^jtv^j Jj_js^Jj oUjJ^JI \lhj>^ j^/l j_j-~»jdj ( v p= j_jJLJI 

jl .^jp j-a>JI IJl« ^ <uJL*J LiS\-i»j Lk-o j^^S^Jl iw. : hll (_£-iJ j 
J-^l («JUl *-*»L>) ^ ^ ^ ^1 ol5^Jl 

iiUaJl j_p*J Lo ^ j5LJl oUjj^i to-iyUl olX>_)>Jl Jjii 

jljjjJl j»^>tvixj o*>L*Jl j» jJLi j .jiL-Jl ^ iijjjit^Jl iiLLJl l_jLv^>- 
oJla j . ( _^Xj^>JI ^IjJLL! <i-_>i j <* • (_5— J j' JJ-* cPi 

.^^Xjj^Jl jL«.«JI j~s- ~<S\s- <uJLi 5j^i ^1 <la, ; . II <5 ^»-^>t 

<LiJU j JuL^^I ^Jl is j-Liwo o*>La*JI j^li" ^ ol5 j>wJl j j 

iJwajJl JSLiJ ,_,Jl ^yJl jl .4JI1U V~Jl-! s-^-I J (i^jJtAJ j^-lSLJl 
J&-\ j Jyj>- 5i«Jl ^ 10 ij UgJ ^Jp j^Ju jl jj^j 
.IJL» Lj U <d5 _jjL_5l ^i^* j £*AS)/I j {J jsS _Jl -Ui*jj _ iJlill ,v 

obSfl a^' Lgjt ^ tj^LijJlj ^JLiJl ^JJ UjJjm' ^1 aJLa-uJI 
if- _j^>«^> ^ys frbSlI ^ a5jUL«J| ol. .,r?>^Lll j .{Cirque du Soleil) 



■ l ; .... ; l»Ljx JUkLtil (VJ^J 033-^" ^-r^! ^j; !' s?^^ * 
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.IS ^Jl ^^ijj (.L^-^l J^JI ^^^LjjuJI ^Ijl+Jl ^ 
4jj L,*>UJl y ojLJI , la: i £ y^> j-* (Kinesin) ^^^£Jlj 

BjiJl y^ ^JJl t (Myosin) ^j^Jl Ul .LLwi i^jio djb 
j^^lj oli SJ-^ j-jj t o^LajJI ^ z? 1 a:l 

.5 jjLJl J o-i jXsl Jl 8^l>t~Jl jS- Usliaj <L>- L^> 
i^liJl Jj-ta JiCJ iw»-»S[l 5JjJ-i iJjjj>Jl ol5 y>^Jlj 

a ./? 1L L~o*y I ^ j^™o iSL>Jl J ijijjj>Jl ol5jj>«-<Jl 

J-«-£ y JJ->Jl ^Ijjl (j-^ Ja-J y ^1 y^l JjJunJLs to^Jai- 

( y) ^J>- _ (_£ j-Jj o j_JLl! oil_P IJlAj d ol_£ jj>t_«Jl Jl?-Ij 

(_£J_*J jl t JLiJl ^^-L^ ijS^^jj .oL— Jjj-Jl ^j-o £-j_> ^y _ 4_pl jji 

J>l j-ol jl ^ „^ ■ 11 jl ^>_-JI jlJuii jl S^-JLJl j jJ ■ .,<?" oM*>Ll>-I 
.ol* ^Jl .ju» J JJlp t(jr **Jl J*>U^I J-I^l jl JKJI 
jL^-^l ^y>->>-> J oL5 jj>^<Jl J-*-*' J j j ■ /? a l l 0 jSLi jl ( j_SL>_;j 
"*_J-jJj>JI j^jLSL^JI i a U jj J*!Ai>- ^j^o oL j_oaJlj ! Ll^_«_^ 

oL5 ^Jl L^Jlp ii ^1 ^JiLJl ^IjJl ^ ^ iil^A j 

^^iSLJl j^-j 4iL~<JJ jUaiJl 0*>btC- ioj%o C-JL5' LJlLo j .ijjJ^Jl 

^ly^ jl > >w t^j^Jl il^^Jl A-jo Jills' t4l*jJ a~^L-I 

^►yj .ioLJl JjIJjJI J oUJ^iJI Ji« ^jj^I ^^1 
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.AJljjk i^-lji <y ^i^> 

* «j ^I-*jj * a ./? i £l ^—4; -*J 1 J^-*' jTC-'S! 



4_4jLi ol 

(o-L-Jl ^-Uj ^"j^Jl olij,-) U^la oNl ^jl^J »-~J>dl Salpl 
Jjj^J a5 ^>Jli t(JL>j>Jl iisli si j^Jl t j^Jl) iaii __^~Jl ^ j 

IJL5 

.1] ^ 

olj la>- jJajit^i JjJs^l oMx»Jl ^jil iJ^li ^>L5jJ>>-«Jl Lol .J^jJl 
tj»_i«^aJl 5JIjIa is-jj iiJUi J5 i^jj 'cSj^l OJu>Jj j^5l 
jJL5 jJl Jl* ^LJlJ iljjJl ^^JUai^J ^jUI oljjJJl ^ ^j^! il 



169 



jl i ol ^k»Jl oLU ^yjLgJj L^x5wu ^j^iiLj Ul <JLiJ>«Jl ol£ ^>wJU 

oJLaj .^L-L>JI J->-ta j-«Jl SJJli JLl«JI J-j..,,.,^ ( _ s Jlp Lf5^$Lwo 
cJLL-j I4JI jl ? JUVi Ji ii jjS SSi jlS 

(8) 

i»_«L>- J oj">L»jj (Yale Goldman) jlajJ ji^ JL ^Li aij ?J_; 

ljjL~u» 0 jJai»- iJ j-xJL^w- ^1 JI jli O jJ-JI JJLa t-4J-j lili t «JL« 

^Jl jU tJu -bo Lb c.Jl~J lil U .<i^>o (_siJl J»«j*JI aS^J 
(Jef (9) J-*- <-L^ jl* Uj .5 Jai~ J5 J J^>JI ^ jiS! »J ^ 
JjL- j^j J l _yJl Ji ^f-^-- j-iL-U yXA y k*j>\j>- ^ Gelles) 
jj> *zs- y>jy* jl 2003 ^ ^u^l jUjJji^ jU t^jL^iJl i—^y 



Ahmet Yildiz [et al.], «Myosin V Walks Hand - Over - Hand: Single (8) 

Fluorophore Imaging with 1.5 - nm Localization,)) Science, vol. 300 (27 June 
2003), pp. 2061-2065. 

Wei Hua, Johnson Chung and Jeff Gelles, «Distinguishing Inchworm (9) 

and Hand - Over- Hand Processive Kinesin Movement by Neck Rotation 

Measurements, » Science, vol. 295 (1 February 2002), pp. 844-848. 
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4jLki^ jLojJ jJ- .Jb Jl»j iJb li ^rJ^J v^Jl5 oL5 _^_Jl 

osin V's) ^j-*-*" ^ ->- o Jl ^ Sl5L>s-a 
. (Papa's Got a Brand New Bag) UUJ «Jb-L>- <LJi>- ^1 ^gjj iij\y_ 

ol jJj ( ^ r * ol-<ajj-Jl £3ju ^yjl -j-^j A^^JtLJl SiLJlj 
.(Sperm) jyiL^Jl j^-^j " {j* *-f!J^' L*' '^r^cr^' 

JbJl j^iaJl ^ j» jij j j»U^M ^1 oJj_ui ij^-iij ^JJlicJ ti»j_Jl 
<u»x_xJlj .4j.il* <u>ojJj ojj ■ a - Jal—J^li ^yJUvJaJl 1 g « ./> j ^Jj i jjcJ 
J»L_* Jlj ^jIJlaS/I ^ilJujJl J. .^LoSlI ^1 £_9i ^ 4-jLg-Jl 

.a^iJj^JI vul5^>t»Jl j»|jj>»^-olj ijj^jLJI Lf^jUl c-L^ijl <da~-l_^j 
I j-=~J-a j la -"j-i ^-J.S' j- 4 (Ross Kelly) (l0) ( _ r L r i' ^yjj J^>- 



T. Ross Kelly, Harshani De silva and Richard A. Silva, «Unidirectional (10) 
Rotary Motion in a Molecular System, » Nature, vol. 40 1 (9 September 1999), pp. 
1 50-152. 
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i I g 1 . C .'. 7 ^^S^j ( _ J J-^ <t_P-V^jl (_J JJl £j-Jl (j-^ 'LS j->«-«Jl 
<Lx_SJ <LL^U> jLJL» jLJ-° jj-SLojj t oljJUl oLu jjj 

( _ y Lp Jj-^a^Jl ^yi tl^-^ J .^LoS/l ,_Jl <LiL* iSy- 

^ j»J <u£J ^^IjJjjJI j^*-* 120 LajlJJLo <-iL^> 'LS' y>- 

.5 ^>Jlv~o <Uljj.i iS y>- ^S- (J j)./?-»Jl 

tj»b jJL^I o«_al_>- ^ (L. E. J. Brouwer) jjj y .1 .J L»l 
j»Ju><J ol LJL^LoLi IJJ .4_^LjL$L-« 5 ji ^Jl a^j ■/} ll iiLkJl J jj><J 

jjj^Jlj ^ ^j>t)Jl 4_Jj><JL4 ( j^o_JlJ I Oj-iL^ o jjljl JL».l»«i iZJ^k •/} <o 

. la. ^Jl ^jLa^SlII 

(Bernard Yurke) (U) .i5jj-> JjU ^ ^ Juii tijijjj*- Jai*>U ^.^^..^.o 

^ j^jjbtUJlj ^j^i j>- ^Ji ^Jj Oly>s^> ^ 

»Li- I jjUjl^I j « . . ol . Jl jj-i^LJl 
(( .(_jl .ol . Jl <^j>?^9 t (Hybridization) « ( y^>^jJl» 




Bernard Yarke [et al.], «A DNA -Fuelled Molecular Machine Made of (11) 
DNA,» Nature, vol. 406 (10 August 2000), pp. 605-608. 
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I? a.LJl LpIjS o_^j IJLSLa j tj^U- ^dj-L^Jl jS ^A^Jl « . ^\ 

^\j> U- jJLiLo JaJ-LJl JJajj .*L^J*>\J J-jLai J ./? a <jl Lol . ( v r; _JU£' 




Open 




^Jl (Yurke) 
5 si c\ >■ j . 

.^iji.^oji 

(Nature <usl jaj 



Closed 
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dUlJLoJ j . JaJLLJI jLail *_s jjjjjl 4_Ljl>- JL>ol (_J.il j 

JL?-l_jJl C->U_J>JI jj> Aj j^>-» ^JjZ t-^Sw' j!>\i>- iJlxiNl 
■UJ— i <L» ■ ■ la 11 (J-*-*' j-^J —^JJ-i j - ^-* j- 4 J"""" ^""^ ^Ij-; 

.1*^- j} aj y* 

j^jJLlI j^jJidl jj*"' -^J -lj-^ a-LjI-xiII aj^-jI j^JLJ ^LLJlj JjjiJl 
ol jjJ! a5 ^IjJ^Lw-I ^Jlp j-^sJu N objjj^Jl ^Jlp L-S^»J j^l 

.Aj ^lajjU » ^5" jJJ ^ ■ r> .,^-?ll 0-XjJj>- L^? Jb ^*J2j 
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LaL~?-l J-i'-b J-*-*-!' °'jJ J ol oJjJ^r ot>U-LiJ j^-ojj 
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^jLSj i^lojLtoJl JLft- ^ oLoiai ^jJ! ^JUJI ^J>\ Ja^j Leo 

ENIAC (Electronic Numerical j_~.L^- j_a j t j ^-^Uj-j 
( _ j JLp J_»jlj^ jLSj tl946 ^ t Integrator and Computer) 
_5 1 S_b-lj iJlj ^ j^ij ^i^M ^-»^r "^^fcjj jiJ! o>LoLwaJ! 

.aJU 4~*3-b> 4jLJtj jL^o c__^>o jl 

ii^i ji-Lj l^w>- J-*-* j t JJ _jL i aJ \ jj-^— ENIAC jjj ^Jbj 

.iw~*Svo ^jjJl j-i-t' 

jiS'l iiL JLaJl jLji ^L_1s-I ^ iiUaJl ^ JJJl^JL— I 1 .jiA <u£J 

.o_b~l j iajji Jj^UsN iojMJl islkJl j^o 

(*-=?<^- ^Jw=-j ^ o-Li^J ( _y^JI oL^L>»-Jl l ^ r £j jvJj 
ENIAC JjUj L jl 1949 i~ - *l j~>Jl <p j-o->>-* jj 

(_} J-lJ 0 J-9 l _yJj ^Ll>«j ^ J OjLw-Jl j jj jjL>e_lj N j-v 4_jl LjU 

0 ^JL ^L^Ju a. ^Jl Aj jjjpxjl k Ojl j j 11 jl 4_4-JL>tJlj .La La j_> . . . ojLw^Jl 

L- 
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.j»l_W 18000 UoJlP ^JUl "CULws ^y> -kci Jb~lj 4S\l$X~u 

j~e- ijjjlA idlSv» <Lo J^>u Jb~l jj| ij i_sUSll jLli 
^^U^j iliL- .^Lol o ytJ. ^iai ^ Jil ^iai ^i ^y^-U-j iliL- 
ito J^s Jaii oJjs-l j i«JlSO J-i-; iipLi-o liljw>l villi <_j j^j 5JbS7 _ji 
t Lp j _La> ^xJl ol j-^S/li t jl j^i-oL j jJ Ljl ^yft o^juJIj .41^ 
jJUll J J^. j jl t ^l*j LfxJa; ^Jl ^LJ53l j e ytUiJl UlSLil j 
.<u-ij cJ jJl J? £f y J-> L« J5 jl jJ U5 

liL. . 8 jl>Jl j&u ^AJI _^i$Jl jj^ll iiU v villi y J\ J^> 

U *>Ui J_»» ?2050 L$j_j ^Jl J jijw">\Jl (j^wai j j£s~< 

£0 I j^lSx^J ^^^ocOl v_J ^3 j~S <L*JLa frl~Jil t^^^" j"**^ J-*^* t^^^T" 

viLjL-i j^p dJLyg s^i tiJUfl jl Ju ^ J-*»j ^ 4j*>U 

. «? v^J^CU iiijdl Uojjjo" N I jj-^> t _ J iaU iLli SJlL^ 

Ij y*->*P <CjJj>*J| ^ ciLiJl s-L-o j jj jjljJl j j..- 'J L" J l 

«u>t_Jl^u»'^/l oJL* (j^-l ' IjLs^jI jj5\JLw»»Jl j yj\ jj ( _j-l t 4_j—«Jl 

^ylj villi Jjj jjjjJbJl jjjiiJl ^yt—jj .<ulS\Jl L^-jJjiSiJl 
Ml j^-JaJjJl l^oyC^ CJIS" jlj ^Jl tolijJ^Jl S^ij! ^ISCJl 

j->~Ji (J—* 9 ^ u^ji 1^*-"^ cy^j •<-)!->- t^i ( _5"i c ' (J^°-*-^ 
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.(Bits) ol£Jl J jjuLo JUajlj £_r^L? £*>^\ : oLjLtxJl oIjl>-j 
SL*JL 

.oL^IjJI ojJLjcu i <ULa.u i5U ^JliJ iiliSl) ^^Jl ici* t-LJl 

jLdl 

.obi ^ frUJl jjy^ L ^}\ jLii^L 4~JL!l o_bJui jiu J-»-*J 

iijLijLij jj>^»Jl oLjjjJLSvJ^/l jj j^5\j>ijj oUaJJ jj»-L>- 
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(Cascaded L... : 11 Ja^jJl ^LSL*} i)L^> dUJU l^-^j 

j»iO><dlj <u\ ^ iJ^lj j~e- jioJl ^ jjLs t Interconnection) 

i-JlSL*! i«_^Li i_J ilaj- J-«-*j <^UJl L» lil dUi 

( j_«-Ssjj .SfrLi^vjj ipj^uj iijj jj^jJjI JS^ ( J^»_*j jl 

jJ* j t<dLL«J (_^JJl ^3UiJl jJlxJI jl (Bit) ilJl 5 Jl>- ^ iijjl 
<j;jj! ^1 i^_Jl LI .(.L^Nl J~io V lj 0 ^ 

jjlp ( _ r ^LaJl os-LiSsJl .<LJliJl ^0 «.j_>- jLLo ^ IjLa 

JjL»^> jjhj tjlii^l JL>-I 0 /i i'y- j\ £j jS kjj 1 la <J| oLjjyLSJNl 
a ■ * ^--^J y\ ^Jl oJL* ^aJ\ JLa s-bj t^j 

o JLa j .jjj^jJI aJLiLS" u->_^—L- olij ^j-tbj t (Integrated Circuit) 
(j^L- iiLft j _p j-» Lp53 iJL- k^SL* iiliS' oli 4Pj^j>^<JI 

( j_SLo_JJ .ol ^_oJl Jj-wi'iLa £c_~_XJL^»w4_!l j j _ X -.iJ.Jl j-~-!l J-* t 

oJuis ^U>^J «-L?- ^Lvwww^Nl d-JL>_p jl ,oJl>- jJ Lft^bl 
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JjlII kSjJ^ i _ r ^*y/> (Gordon Moore) jjijj.fr j ( \»\ 

1965 

(Gramming SJULScuJl ^1 jjJl ^^Lp oU jid j-S>>- ^ jJjl*J j 
£-a j £_S j_J . More Components onto Integrated Circuits) 

IaoJup o.!j>^jJI ^Jl ^L-j^I i_LoJ J>l-J>y\ J.L.^1 

Sji jlj tL^-jJj^ScJl \^ JL J-j>- J5 ^IpLJiJLj 

.L^-ij 4™JL iliji^i Asli j\i 



( _ r a->j (Moore's Law) «jj^ jjJli» _> diJi iiL>w-Jl 



.^1 



iils jJl J^fr olj j^— jjl jJl __Jifr jl? jlfrl Ljc^- j 

^^wJlj J^?lj^JI j^jjJl jj .jLLJl jj*L\> LoJLwi ^»jJl Lol t^j*>U 

Ju^> I J j .t jJLfr i_JL»J J_> iili jJl (_jJ.fr LajJ-c- i_jLfrU<2J d^_^_j 
oL-il 4_frlw?j (j-^Jl oXjiij Sj^wo ■ jj»- ojIS" <i>-juJlj .otui^Jl 
.oljMjjJl oljLU o>Lto J-s-ij o*>L^ j^s 

^yJl iL— jJl (Lithography) Li I ji- ji-JJl ^jJLl> ifrLiaJl j 

^jJLfr oJl?-I j Oiij 5jJLaJL«JI oljjJL^jjl jjJl (j^i J-jL^JI iJuJl j»— ij 
<UjJL_!l o jj* jjj .^^Jw^l (_Jji gJa ■» olj f-ljj-fr <Lj j5s~L_w- <LjL1_>- 
IJ_Aj jJ^ji ^ws<aJ *L> C Mj jI-^^jI^JI Jaj <lL**jj L_Lil 

i Still ^Jjit^vj ^^Jl Aj^jjjJl aSLjJIi ic-LkJl <t^o ifrLkJl ^ £jJl 

. LS ^u>^ *i c^\y> JL^Jl ^JaJ iaj^Js ^ j t(Stencil) J~jjl^)/I jl 

_S_A_*JL» ^Jk_^w« 



Gordon Moore, «Cramming More Components onto Integrated (1) 
Circuits,)) Electronics, vol. 38, no. 8 (1965), pp. 114-117. 
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*L.A.wJl L4JI ^JL (Hello Kitty) j^S j-Lj* S\JL« i3L^ j tjl ^JVl 
^tjLsJl JjjVl OjJJl ji (cS-^y) LfiJUtfj la..,* jJl ^ i-JU- iojjJlj 

Cj*J i^^i ci*^ <j*° J—' 2 ^" • j^-^ -bJi>«j j>«JI 

e-j-^aJl (_5JlJl ^-JcJ\ J_^~ t ^Ij^jjj^JI jjj~a^\ ^ L*Sj 

(»-~!J . ( _ ? iLJL>- (JiLo £jja^ c- j-^aJJ ivaij <U<s ^-n-oJl A a la o 1 1 ^ 
i*Jali<j! y'j- 1 -^ J^- 4 <^ £tk~Jl ^jJLp ioj-^aJl ojj-a!I Jj>>«j 

4_jLc- jl <Lw»- _^*JLo coLo JJaJlj e- j ,,h \\ J js^j Lj j_si <L^L>xJl 

oijk ^ ji»L^ ^ jjCo ol Uj . (Photoresist) «• j ./>H 1* jUL. .L 

^yS-J (^-i-Jl _w»-J _^Jl j ■ j la" J jJ^>«-a < o-L ^j^j?- c- j U ojLoJl 

LjJlio p j .ii^ll /yi J^SLlJl ^-jajj .<U>Jo<Jl » jvJ ^| ij^> ja 

jvIjj .oJlJ jjl jjl ^Ja-*. ^yJLp IjJL^s LS^JU-*>L tL^P 
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ojjkj .4_~^Aj (_£ j^-l oU^J>- J j-P-jj O N 4_Ls*_Jo 

^ (_$^-S/Lj JJijl^J tPj^aJl o«Ji\/ J_«LiJl ia^jUJI 

ipLkll <uJaJl jL» tJL»jpAJ oJjw o L^J j5 (Pixel) l^yj? 4.W,5,vl 
1 jLJl« aJl/> JLmojIj j» ^jsjl^ 0 ^^jLx-oJI 4_j j ■ a Si 4_jI j^jJlJJI 

l.ft.,.,lgj J^-<w 4jj^«^JI 4-j j-aJ! y> jiJJl ~*3uJ& jl 

^ ■> ■ /? a ^ ^ jJl t^-* - 4jli£Jl j jJUJ 

^ijj 1 0 Jj i_Jl ^i jJ^J ^1?- iiLi ^JJ lJjJL>- 1 1 ■ > <^_^*l j^- 
It . $ * ./?"Sl ^m4j lLUJUj .IjjJaJ ^J-"' ^Lx»»J £jJ-s<aJlj 

l _ r ^L»lj 1 yiSju (_jiJl oLa^Jlj .jj^ jjJ Li! 4j«ij^<j! 4-1I4JI 

4jj Jj I Olijjjj _ CjLw> ^j-o la Pi ^jjJLlj N u3 SI 8 l^-JW>J 

Sjlj ,4j>-j^Jl J jis L*jJb>cj 4-jLj>«JI <u-^li>- ajL>-j^Jj 1 4^>- <5 
jJ L^jlJuLs j_«ij>^L^ j^?- j_«Jl J j la LS LjIjLjls-I Lj^J L« 
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(2) 

(Sloan) j jlw» L^jJu> y (Rebecca Henderson) j j^jjcjt L5Ljj 

SJL^JaJl \>- jJ*~jJ\ : S_JLwitjJlj ^■.-L.-LxJl SLw>Jl oljjj 
(Of L(/e Cyc/es i?ea/ S-Jj-yaJl i-JI j-P^lJUl 3_eL-laJJ LojJL«Jl 

and Imaginary: The Unexpectedly Long Old Age of Optical 
-bJUJ Js ijj^sj jjj»t>-lj Oy^X^Ji\ jl5 Jusi i. Lithography) 

j^^J ^ Ji j .c-j-aJL iJI^PjlJJl ipLkjl ^ilo-J <LLkj<JI JjJb>Jl 

Jij .olili^l j, JUI J->JI oLLku ^JbJ jl^^L Lil>yJUI 

i*JiVl l . ( y>^JcJ\ U Jl jV! LU*jj i^UJl JjjNl 
flJU^/y UU^I £»j .L^pL IaI^ jl& ^ L^J jlLJI jA\ 

J-S' ^Jal^J oJjJL?- oL-Jwlf- ^-1 llJLf- |>JjiJl 




Rebecca Henderson, «Of Life Cycles Real and Imaginary: The (2) 
Unexpectedly Long Old Age of Optical Lithography,)) Research Policy, vol. 24 
(1995), pp. 631-643. 
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4_o j-aJI ipLJaJI ^ dl^- j_<jl Jl^IJLl! o ^jS^sJl oi-Ss J*>\JCL~*I 
oJla £_« j - A 11 i_.il j-P jJLJJl i-pLJaJl ^ g ia il O- >t-_s<sl JLsj 

j-j*^ iwilS^jj ^iJil ijc*_>c_-»Jl cjL-JjJI ^LAJjI ^Ljj 'J^L* 

Jl>-jj jl 4->jJl_>- J^S\ 4JjSJ*lA oljjJaJ ^J^Sv-a-iJ 

J*>\_>- Ub- -k-L~<JI j^a-U L y>- j^jl J jiaJl J-U^' i--><---oLJl t3 ji 
Jl jjal ^lj_^_~-l LjJjJl oi-A i_J .jJLjLJI JaJl 0«jjS[l 

Oj-L»_j JJi. _J^jjLi 13 j 11 ^j^j JL>wJl (j^i ''"^.V 

i t tljJ .oiljjk jji ^y> iiUaJl iJLp A-^~alJ| (J jj oCjJj^Jl 
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JJii ^JLn^JI pMUJU t^Lipl c^~J LfJli U^Jlj .i^^ia Uyi 

JjjJU IJU t^y^-^i^Jl (j ji e-L^aJl j-o 1^5 *y>- ^ 

Ml 

y» "CIS Jljj^Z ^jvoiSlI 

.o-b»lj o-b»lj j^Jlji^Jl ^jjjAj Jl>«Jl oJLa i^-*>«-> jjSsJ t<Lj^SUL*JI 

^LJLlI ^1 LfiiJb J jJl 4_Jj jJlSUMI 4_*_JbMl_j i^LiaJJ j-SLajj 

.Ol JJ> yUl ^y> olX* oJlP ^JUl OU jjtlj 
^JwS^/l £j ■/} 1 ^> _j_Jl £-"»l_J ^ljj>tl~ul £sJ> JJ> <ulil!l oJL»J 

t 

^^ftj li sLcJL p-Li-a JjJL>tl! I, t_JW yj t a .,<? I <Uy>«Jlj ^»^aJl 

t^ijLiJuJl yljjJJ <_LiSCJl ^lij^U iJLl<Jl iJj-siJl ^jlyJl L-^U^ 
tiil^SsJJ i-^jj ^ lJb»-lj LaIj ^Jui«i^«J ^Jj^lSG^I <»y>JL ic-LkJU 
.L^j I j _pti j^- J-*^ jlj _/>«i <^ j-aSI iil yJJl ic-LkJl Ul 
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* it* ft * *" 

JJyd oJuJl Jjb>xj ifi-UaJl ^IJlpw^L J jJt>*J> Jl?-Ij Jlxjj 

IJl* ilju^l oL^j ijlj_Jl J ji» jl .j^Ux^l^Jl J*>U>- jj^SJ'Vl 
jJfLiij kiUJ-jj : jJ,. ^„ ft H jW--^ (J-'- 1 -' Jh-^ J* 

oLjjj^SJ^sU ^j-vJl jr"^ J j-^ (»-~» L>Jl JlxJl iJLfj 

j_U<a«Jl ill _^Jl 




3 j^aJl 



i_JaiJlj ill Jjlc- ' 

iilij ( _ y Lp 5JL>-lj 5 y Cj\jy~~~j\ jjl da ^y JbJLxJI ^ la." j . 5_>l yS\ iW.J^j 
{.Nature <i^a <ual j^u) oJUL« 5 y\i J-»-»J ^iili Lg-iajj <S _f?-tJ "-^""'j 
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(3)" * 

iivzlli i Lsijl _ / >« J Jlj ill jjl ^ io j^u«Jl is%Jl jl 

^j-J^U JjJb-J ^^Lp ij-ilijl _ Lf o\ _ r -Js\ ^yj j^3y\ JjLSoJJ 3_^<Jl 
_ Oil jiaiJl ,yi JJi J>_lP ^IjixX^L 5J^-lj iili j ( _ 5 Lp olj j^jJl _yJl 
AjJLjJI jJU^JI _bJj>eJ ^»Jl>U~J jl ic-LiaJl jl iiLJb- j» ijL^i 

ip j_»-*Jl (^^jjJJLJI) 5^. Ja Jjl jli dJUS ^ ■ LJl ^jJLpj 
.ifllka Sj^aj ^IjJl jA\ IfiL-Jl jlj j» J5 ^ l$Jl S ^ SbbU 

iLij ixJaL ^jj^Jlj iljJl ^ ^ij^jJl cUtj^I ^ J-vfli iJLaj 

ij\ y- i?-jJu J-^~~Sj^l jl y>[j La^-jJJ LjL j-fS iljlp Site ^jj> 

COILS' UJj o iiJj iiis Jo_pti! j j5CJLw-Jl j^^Lp iJl* 

^LiJl i_ ^>-j IJJ jl y^Ju L y2J l CJj LtUa oJJU><^JI JjU jjl Jl jJpI 
jLj iij ^ju«JI o jj&l la H dJJjj toJLas oJ_™Sj_«Jl iiJaJl - 

JLp JijL>j jl olj_^<_)Jl t (Scaling) ((oL-Li!l ioj">U» 

jl (Body-Mass Index) _ jJuJl JJi ,^-4 L« 

j_j<ju- y>-\ iSjI* 25j 18,5 ^ £jl>j j-aj t(BMl) 

4-*Ji*Asj> L^JL^Li j ( _ y ^Jj 2012 <c_. ^ ^u<>_jjU 35 jjLsw N 
to'JLijJl .olji L /~«-'" L^UJjl jjL>«^j jl ~>o 

ii^ls Jls. *JU*J iS^I ^ -k>Jl j-^J IBM _j Intel Jli*l 



Max Schultz, «The End of the Road for Silicon?» Nature, vol. 399 (24 (3) 
June 1999), pp. 729-730, and Seth Lloyd, «Utimate Physical Limits to 
Computation,)) Nature, vol. 406 (31 August 2000), pp. 1047-1054. 
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iLJ ji\ i L Ml Jjjj^ *Lwo-5 Jlc- J_JjJI jvSC^Jl ^-Ijj 
(^1 j .oljUl JU J^>L£Ul jvS^JI 11* tj^oj J>\ jjiLL~Jl 

j j^j iJLL« iiL jiaj ^J. ..«•? j LoJJ^C- l^JLc- J ■,^ > ><J i _^iJl olj/^/li JU- 
l»_SLil ^L^-j_a i-i'jJu* j-o Lg_x_4 ( _ 5 ->I-> < -j i^-j-3 (_yJl J-r"-* ^lo~~° 

^\jj^ty>\jzi\ frl^l o| t«i^-j>tj ^Jj>^ jL*~s ^-^-^ j j j ^j-^ - 
olij jSS^\i tL*jjj i_o<Ij j^Jl LSLlL^wo Ij-J Laj^p iJ-liJ! 
jLLJI ik_^lj_j <iL>rjJl J-Sli iiJL>— Jl oli oLI j_Jl J*>U>- ^ ■/? 7 

IiL? .^1 jJl JjUJJ (_j j^rt-^Jl <_JL>-_j il ^Jl <_Jl>- Jp ^ I <. £_si> j-» 
IjL^Jl jli i (_j oli j j^vJI Jji-Aj Jb-lj jj j^vJ} jLaJ <L~>cu»\ Lo 

j^aJlj ill j_jl J^j L*JL*JLa ti»iJc>o jl Jj-^-oJ oLi Jj^vJtAJ Ijjlj^o 
J j>- y> ^y) JjLxJl t— >_jlk»Jl ^f^S^ j-* ^jlSlil t—JjJLSl ll*j 

o*U»-Ss^jl<>JI I-Lj ^l.,.,,^ oli jj i j_px_<iJl 4_il j-Jl 

jS\jjJ\ J>j .oUaJl Jl ^U*J .Ul (JljJU^ JJli^Nl jl J^j 
lu." 11* jj-S^j iiliaii iJLkjLi<Jl j i—>^; _^l i-=-L~]l i-j j ^,^1^1 

kilw>l oli.M jl ^Vfp il>u JjMbL j jip-Ul j>Ls Jij 

/j^JJ ^J~ > ~ 1 ' j-— jJl (_J j^x^lJl J^P ill j-JI Jj_xJ jl j^Jl /y> 

J_pl j_5 <UiJj^>t_« j^j>t^ . ■ M il j^jjl ol* ^-Joj .^i j^*Jl ( J^>_«J| 

4_o_*^>- , la i aJljL; ( js2J*-S> X~S- JUJl i jA L^5 toL-uLaJI i<Jl« 

JJ1 J-OvoJl ^y> J^pI '^—-j ^r-d^-*-Jl Jl^~ J ^j^HJ (J-*^-*^^ ilr° 
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I ^iw- 183 a}j±, ^JJI (Brad Pitt) >\ jj JuJ\i . jJu 

Ml <u~Jl is yj» JJL iJijIJ jjj ji jjt LI Jc- jLS 92 <ujjj 
jl ji^w j-c-^^l p?«->Jl v^ili Jjl _jjJI j .(UiS _ jJb JJi ^'^a".; 
<_£l ( _ s Jlp il_j^Jl oJla jy jjJlaJ J^>l_^<Jl ^y? ^ iJuJ 

|jj>- AjLwi>Jl <u^-L>-jJl oLI jJl Jjl a] j { Ig-L^JU M JL>- 
jl .jj5LL-Jl ^ylc- l ^-^~Sj' v )/l jIj-^L LfL*^ ^ l$-w> j ^ (^Jlj 

aiLa tjj^Ju^Jl (_£l t4JUf_j-<Jl <*~i oLaJl ,J^-i ^j^J 4_JL>li 

-UJI 



ojULsj JJLlS' <i_pLva-» ^ lj ^jl^I (jj-iJl jj-^J : g oJl ol 

Lg_J lj-vjl < *-^-*' (j^xjjl Jljis I j_lis> I I j g Ji jJLf- <Ljl_aJ j^[s>z}\ 

£-1 ^~=-lj j _j^~^jl c Jj_LJj <pLJaJl j-^^J J*>0- ^ - I j^li 
4j>t»_U_ll LiJiJi olJlSLj Ju-L>^ _ oU jJU S«-li5 ^iSl .il 

i jJL>JJ ^wUaJl oJLaJl jlJL>tJ \ jl LL- \j j>J 1j ,/? i jl J-J ^y^- j 

jl jj-^v-o-j tiijJl t _ J J-f- ijJu>Jl oJl* ^y^-SvJ v^-olj t^jL^iJl 

.4-L>- ^1»JI liLa^Ml ^ ./?al jjtlJ Jajt^Jl (jjJjiJl Mjl ^J<J 

( _ y Jj ^ySvJ ^LS^Jl jjJajJlj itj— Jl oli i?t»J^JI yljjJl ..r?'? d\ 
.iii53l diJ JUj tiijjwajl jl j^-^Lj ijibcujl l^fj. 

oojl j^J oLili ^JJ «j. - ^ n LoU| LiiS' ^ J 



Clemens J. Forst [et al.], «The Interface between Silicon and a High - K (4) 
Oxide,» Nature, vol. 427 (1 Januray 2004), pp. 53-56. 
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J*>U»- jj> ^~^\ y- tLJ o...,iall ^Lil ^1 j^j<— j j ^i>-LJl j 
(Ave fl^l ^1 j-o J-S" q^xJI J_ii toUj^JJ f-Ja-uJl 
^j-j^jLa jjU IBM £_» jNl J_«_«_; j tAviram) 

^ U15 L°J_~c (Mark Ratner) jjjlj l]jL» j (Yorktown Heights) 
Sbl _y& j t (Diode) ^ Ip^J ^>_r^j 4jwoU- 

j _^£Jl~JI y= oljjjjJl ^-a'j . (Semiconductor Crystal) ~aL& _^Jl 

^-j jLs^Nl «JaJL w>Ujj^J^I SJLj^Jl SjiJl o j-^-i U bl_j 
L»j\l J-vsj j 'j^Jl J*>^-i viLb ^ (j^- 5 '^' 

J-^—SL-— (Yin) j-. ji j\ i (Animus) ^^j-s-^jVlj (Anima) 
ioL^^S' iJji cJaJL* U> til tsiUi ^-^j -(Yang) (iMt) iJl, 



i /Ul Ji-ljj ^ ijiiVl oUjJI iiLSU i _^»-i^U : (Anima) UjSl (*-) 

l _ p a ; iLw j^i (Animus) ^j-^jSII Ul .Jj«- jJl ^j^l ^ v^ilVI ^1 1^1 ^1 

^ u^Vi ijSJDi ij- -oi t(J sSi ,y ijjSJJi »,„i-.n oUj^ji yta 

..LiSlI J^p i-LS^ ^jJJI L ^^aJl ^1 :(Yin-Yang) jjlj jj (a*) 
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. l^S ^/ La*JI jj^Lo^u t_~^u~j 

t L^?- ^^Xj aJL*Li)I j>Jlp ^ ^Ij i jjIjJJ ^ ■ .Usll d. .U\\j 

.^.Ij^Ux^JL ^lill 1 f. i.,fi\ *>\^>j LoJwo t ^>tioJL 



tL^-jJj-Jlj . kJl ^ j J~r^>\ jrf*^ J^y^ jlSjl 
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jl Ml cNl ( _ rr J LJLi- i^jjM i jJL& <u» .,A ; J-J IJl» J^o jl5 



1997 IjJjjt J 8 3%.jj (Cees Dekker) (5) ^j j~- f lij 

OuliwGj .oJj>-lj Liij^o <»i ^ ^>t*JI jlS^ j jj jfu 

•lS ^^"^ oUj 

olj_^L~»jJI (^jJ iy~o-» <L5 jJ— j j; g la £-51 jJI l-L» t^jlj 

j JiJ^j .ij-LJLixJl oljj^LwujJI^JL <JjLL« 5J_>-ljJl <l!jJj^JI 

jSi ^IJLi^L^I k-^J dllij i|t-£Jl ISwlSL^J U-J 4-SjjL~U ixiLo 
oLii<JL iiJLo i-jUti ii">U- ^ i_iAJ j (Ji*jj - iJli^ oJ&-\j ^_y>- 
4i*>L«JI i>^j i^jL^ti ^jj -,<■< - jLJl jix Iju .Uai t <Ld j^jJI j jLJl 
^jjlj Mj <Ly^j jl <L5lo jl 3j yL» ^Jl oUj j^SJ^AJ s_^xSL«Jl 
.L~L o M LvojI ^^J^u-i ioLif-Ml aJjILJI LI -(»-=r^- >. . i < 
tJL>J! ^ J-U* j~>- JLt- ^Jjj <uJLJ j5j ^— 
l» blj .i»_jJ c->l ^5 iSLa bl i la.... i Jjj^ Jl-^JIs 

JuJ^j 3 ^^Jl 0 jj 0^* I o _^Jl Oj j.,^2.i ^_jiJ o ^5 (^*>Ual «J 

N >_i jLjJI jl io j^sJl j >— s j-^j ' ^^—^Jl 

^Jjci! 4^15 iiLls JjHuJ Jlii j^5l o C-iUsI L» bjj .Ji-^ 



Sander J. Tnas [et al ], «Individual Single - Wall Carbon Nanotubes as (5) 
Quantum Wires,» Nature, vol. 386 (3 April 1997), pp. 474-477. 
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j^-j>JI ^^J-^ Lf^° J-^ ol^-iLi jli i, <uli oJjJl ^ji j-~j»JI 

JUJj<j AjLjJaj IJlA J-ap^jj i(jiJcJl ^j-^Lxj 4— *dj O-SjJl ^ j— ><Jl 

^ ol . o%' jl jl 5Jb-l j - jJjJI l _ y »£!l ^JlaJI Jis- 

J-»-*j cols' oUj ^i5C!^/l jl l5 Jlp Lwi ^Sj 4.iLlxSl L^> Jjbj 
140 iiL-w« o J-^LS oLij^^iSLS^/l Oj-fj ..ijLJl 

j^jbj jxJ^i i^s^J <m J^^ Ifr^-^J i_5*^ ( j-jL*JI isLflj ^ ,,ni" <C )IS ^UjjIj 

<_U ^>S/I JJ ^ JfT i =>^ oUj^JVl ^ /^J 

ob>-ji jl jSi -L>-jj .o-L>- jJ jjL>t_«Jl Ji~>t-»Jl j_JLj C^u LgJ 

l5C-jl5wo ol j-jLj jL-i! «u-a>JI ^ ijjjj^ oJlS Ijl?- <ils>lj <jjI jj>- 

^1 tL^Jl oLJl 

ijjl jj>- 4j>-ji /^J>r_.... 7 1 1 .^J-sf JJ Oi-L>l^> ( _ s -o-SxJ I <L»J-w>i OU>-ji 

j^Jj tojlJLL--l j-i-Sl oL>-jjJl oLiL>- Cjw»I la a * oJ^-lj 

^x-dl : LJLJI i.jLJuiJl iJAiJl JjLL. ^^^U %li iiji—Jl 
.(Tupac) ^^LjJ oJ>! ~AjVV\ (Beatles) jkJl t _ 5 V- J J ^iljJl 



y> j <.(<-j\ J\) tliiu i i j,^^! j« • (Tupac Amarn Shakur) Uljjj («-) 
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.cjLJl Ji£LU i^jJaJl *Li ^1 iilJL>- iLjJaj JUl~a oi ^ pJ- J\ 
MS' ^ ^L-^Jl JJ ^ LaiLJjN Sj^wjLo 6 j&j » _^JI jja 
: i-JljJl cMjjjl~> jJljjJl o^T (S ( _ 5 lc- <j_^JLJl i j^Nl 

iijj^ otal JSwJ 5 j^Jl Ju>-I j (_£ jjLj j^Jl laa,„j 

.ii-UiJl Nl SJl?-l j 

-lajjj JLii tij^^l i-by 1 * ^^gi 4 <Jl jJa-^I J^SLiJ I, $jU j j 

ojljj LgjiL" Ji jl t <j j— j -^LL.Jl ^ijjljJl 
( _ r ij«j Jw*j<jj ijj^aj ^jjjl^vJl (_jjJLJl v_jj-J!AJ ^L^^jdl 

j-^JI <5-^ ^ Oj>^i til ^Slj t JiljtJl Ji" AjjJUI "w-^Vl oJLA 

j j^JJ <LUU 1 v^>">L^> j-o eL-ili Iaj-^p J^jhSj <. 0 _p ^ 
i_~jUSll ^I'.k.y^ ^^LpI ^1 _ _y»iJl t_~JL-l jl .Jaii 4ilL> oli 

Ij .ajjJLJI (w~oUNl (j-^* _^-Jl Lj>^_j^_a _ 

.JU- ^1 JLP 
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IJU 

^a i_JL>- J5 ^ jjii \JlJ jl IuIp : ^^p _^Jl Jaj^J «j>*Lo o-U- 

olilij ( _ J V- wU o» :: lall ?objjj>Jl y ap j)'. ./?<Jl i_u<JLi <L~ii «-(_s-iJl 
L> Jl^L s yj\ iilij J5 j j^cu-j jji^^l - j^ia^Jl JtAi- y 

4_jJ <Uj>-jL>J| JLi-iNl i»jajLl><J Lojlla LoLa Ig-P _jj ^ ^j-* 4Jil>tj 

^^yLp oJb-lj 5 y*^Z ^J^f- JjljjNl c_iLL>tj j\ Jb-lj tiwJ j-a jjjkjJl 

.L^~ij oL->Jl LjS'^Lal ^a ^ jj| 

<l>t>iJla 

Ja ■ 1 ... i JJ^P 4-o-o a oUjJJ>- ( _f&J • LjL j g ^ 4>t>ijJJ 



= Charles P. Collier [et al.]: «A [2] Catnane -Based Solid State (6) 
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y_ jl .oUjj^J^fl jL>j^>- J ~ j - 1 > (JuL^l) £3jj> |» jjil— U^-j 

^p-Sfl ^ jl JLs- J J5 £j jJj>u- SbSlI 

(Rotaxane) ^L-S'Ujj <j ^ „^ c- objy- ^jlS'y y^Jb^o^ 

irfrjj o*. Ji^^jj^ -J^.j^^ jLd' 3»-^ ^Wi jl j'y^ 

sJla jl 'i/l t^.Lj^SGl ^LJI J~4>J ijjlk* iJJucJl ^jliaS^I J^o 

lil <7) jUJi JpL-J j3j .iijJl ^ SbS/l Ji~b ^Ju>^ 

j _^5o olljj^Jl J~*-i>J jl Jliil IfJ XsoJu ,_yJl oLJ jjiJl cJl5 

oj^jiJt ^jt^jJ jl (. L$_Lc- JL>«_<> la ^ \ ... 7 JL>- ^s, tjJu«_»Jl 

jJ _ Is^jijJl «-Jbli J*>U- j-* - i^-^l yiNl ol j.sS/1 oJl* 

JL* oliUJJ U~l J\ olS yJl Jl Jl^u N Jib LJ1 i J^J 
iaii |»Jl^.w^ 4^-s^Jl oUj^JJ aJl^JI JlSLi^l jl .oUj^JI 

.4jL>«-a!I oUtjj-^Jl ^-jUaiS/l J— ai! 

L«Jwo>- Lil Ljjj^>Jl jJl j ol jjVl oJla J_L» j j&c^* «— 



Electronically Reconfigurable Switch,» Science, vol. 289 (18 August 2000), pp. = 
1172-1175, and «Electronically Configurable Molecular-Based Logic Gates,» 
Science, vol. 285 (16 July 1999^ pp. 391-395. 

Robert F. Service, «Molecular Electronics; Next - Generation (7) 
Technology Hits an Early Midlife Crisis,» Science, vol. 302 (24 October 2003), pp. 
556-558. 
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^-j*>Lo o o j5L_L~Jl olilij ( _yJ- > <-* ——-I jj>«JJ L»L»I ,JjL>«Jj 

jjj : _^JLvJl olili jJl isH&>*j> LX;J>Jl yljjJl 4jjUjw o 

LJLp oLi tLJlilij t-L-j LfJl J-fj«j ol UjJJ U lil t ^J i4_l>jj>Jl 

(8) 

<5 jj- ol jji i (Stan Williams) j-^LJj o^— ^ij 

.Ja—oS/l <LjJ>Jl j»l 



oJl* <Le- y, ./? oJl i_j j^»>L>«Jl olilij <\^>x^j_i o _ji>-LJI ^ jju~*j 



James R. Heath [et al.], «A Defect - Tolerant Computer Architecture: (8) 
Opportunities for Nanotechnology,» Science, vol. 280 (12 June 1998), pp. 1716- 
1721. 
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^Jai\ ^ J^-\j ^yu (CNSI) (9) ^Ul iJ^bU ^J>Jtf J^jc 



. ol jXjo j_)Lj o j_Jlp ^-^i ^ 



IS _^J1 

li^LcJl S^UI ±3*^Sf\ 1^>uJ 




500 <JjJ* ( A_L r - ! ^UiJl . 



JU i_J^o il^L-Sl j__:J 
(Science <Ul>t/> 



Nicholas A. Melosh [et al.], «Ultrahigh - Density Nanowire Lattics and (9) 
Circuits,)) Science, vol. 300 (4 April 2003), pp. 112-115. 
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J^-SjIj t jjLJl ^LtfJl J-C- (J^->~JJ la .,*-?" tjl jj^-o-; Lg-> jr^^-J^ 
jj>tj o jjai- tLLlj O-jLS^ .Jo-nJl ^j 3 ? 4-*-~JaJ-! j-**^l 

o .AjiU-l olji ( _ r Lc- ^j^-j tijjJbJl objjj>Jl l _ r Lc- 

t cJCjj^y^i k^>\ j J k»^Jh (_$-Lj Lg-LS" 

J jJu> oljiSfl oJlA jJL- ^53 .ieoli- i>-jJj l-Jlibu> LS' _jJL» _ / jiaj j 

jl IJ-p L»-i to_^ c -L r -Jl olj_j^<jjl J J L$-;ULo ii^jjl ^"j- 5 
Oab> <L^-j~L| j-^li j-^UJl C-ijJl J <_£jjj>JI olji^l j»Jaj<^ c-bl 

jj* Li 15 bjLo jl L! j j k" jl <Lj^>JI oUj _/^JVl ^li^Jj 

J .,<•?•:" j <j» . .l?U L^jCw^j JjSj^jj Jj^x^a}\ LO-Lj ^^Jl oljj^/l oJla 

^JLL; jl (j-^-*-; ' ^A^V ^"j-^J 'L^LjjVI < 9 LS^ iJLuj 1 j ■» . i 

jl^l JL* jl VI Ujloj^j iJli, olilij ^1 ^lil JU 

ti jjw» ^jj>j)!\ ^y> objj^Jl ^IJjx^L ^jL-i>-*yi o! 

jl jj-^J ( <V J^J i*iJl ijjJL>K^J>\ Ol jj^-ujjl ^IJL»l^.I Jjb 
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^l-bki_-)/l jl .UjLp- ^ <u*Ju (^JJl jj-jJIj ^~^l_pJl J^c- 
tjpjj jl (Laptop) N j^j>^ L j--b>- jl ^^aj oUjj^JJ «• 

iijLia ^jLijIx^JI 4j<iai 10 31 ( _ s 1p iJU JS ^>l~^-l iJuwt- ]0 5 ' 
^ otki 10 10 ^jle iJLlJl ^ iJU^ 10 10 (jp_^j (_g JUl ^Jl aJlJUj 

J^S 4JJtpL^2_« J*>\J^ J^-o JaJLs ^j—J J t ^»j_Jl ojL>iJI £j 1?* ... i L« 4 _ y i_c- 

.1 ^^-*- t ' J~*^ **-~>Lw 
^Ml ^TJ^*" _^SvjtJl ^^^ip ^j-^o-^tjl 4jLl^>JI JjjLoJUoJl jl 

"IjjJW oJL^LaJl j^jO I jl . J..,a,U^<JI ^_^wuljj- J jj- o.5j^j«_<JI 

^Ju*aJ_j ^jjLSdJl j»Jl>Cj o JjJL?- 4-j ^~vb>- oL^-jl^Lwu^/ lilil ^Jij 

<LJ 4_JjJj>- 4 ; . ./? & L>t>L>- 4_j-_«Jl j^JI oJl* j .LjIS I g ... a i 

^jlli tojjJaI<JI <u*_vJaJl ^L^-^ll Jjj i iLali^o iij Jan 

j j .if?." JtSJUL* ^j&ajj .e-L-Jl j-*-^.? ■^ a - ?l-i->«jL*«iLj LpjL 

LjjjU>ej (_g ji& j t SjIp jjL Jj <0<-JaJ! J-3 Jais ^— ' "Ij* - 

oUsLjjI s j-^»Jaj L>J*o t<uX;J^Jl CjUsLojV yjS"' ^ J- 5 "" (vJL«Jl 

<LiLu» oL-^ji^i LjJ j^j Ji J_*aj>u~j^> ( _ y Jl ,ylSL<Jl j y>\ 
j\ tj»iliJl (Baryshnikov) "' ^i^S^LjUl ^uwaJ j j^V" Ujj 

.Oj^>J| _pJl jijliil J~>Jl ^JjJ <bL^ jr* j^i. 



.a^Jt-I ij^ty^ J-^'^' : jl J^U*^> (*) 
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J-cl a "t \\ 



i -o- jj—Jj L$Js>j j—* ->«-•>- (a_w»_9 jJI ■< > -it-^Jl ol J_e-L>— «Jlj 

CjL>-jJ jJi ^ l$jLJLlaL» c_4-5uj (j^-ij ^^-i 

J-. /ra i j^-b- ^bjLUaloJ jJl*^J| iy&>-\ ^J^^ liLj 

.(^JO^ 42) ^ ^JJaJl 

Ji^jj U-ijj <LL«i!l iJ^i^Jl J-*^" -^Sll ^J>\ ? 

<_^v! jj>Jl o j_* j J-^J ?L^»j > >Lo ^^-f-j L^Jjj-; Lui^ ,J-^LJ 
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^_L«J iLJi ij^jsl _ 7 ~*J ^/ <L>-j-b ^jJl |*->«J"«Jl oji-il 

j--L>Jl j^o ^y^jJl fr >?Jl ol .b-JLp lA^ob i^LSj AjiUJl Lf^jj 
LgJl . (Gucci) t _ ? ^J j_p ^^aS ^ j^j^jI j^p 5 y 
jjj j-o j-ji'SlI fr J->Jt j'jLSLiJ jLJJl £c^JLL«Jl <j-jJj 4_Jtl_JL!l 

^L- ^Li Jl jjl ^ ^ ^U* ^ ^ Lk. 

l_$_*_a <>La; ^1 ^j^L-Jl >\ys>-\ cJl5 lil ^ 
I g U i j ^ U-. .. i ^'l^o I frjj>- L^Jjc>o jl ^.1?".,.. i "V IjLJu i. Lu>^>tj>- 

jl jl i IjwujL/sl ^JLa» 4^>- jJ jo\?< jl la" ... i L»_ij 

Jlp (Thongtone) j jjJ«J _p /_r>>J Jlj->^ (»-» ■ lJ ,^ : o "» Hj 
^_JLkJ ( _ J i^- loL~^-l J oLo ^Jin_«Jl <LjJaJ as\ . ..a i IjlJ jl Lo 

^ji'y (J*>Vi- ^yi j\ 4^-_Lp J*>li^ ^y> Ujj t LU-pl ^1 5 j-iLo 

o^-iUi SjLi^ll JLujL JiJi Jjb ji-ilj ^—jJl ( iJcJ jl ?LSL-iJl ^ 
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bJ^Ji 'C-ob jLU 40 Jl Jl ^lijS/l oli Lolj_^i a]j^j> 

i jLs- o2jl> 20 iiLwo LaLLi dLyu jjj j»*AS3l JL<2j} J^ 

^o. j : dJJi jJ> *Ju-p (jJJl jji^Jl .ilL* .J^ 
■Jjflj <. ( _ r 4jJL jjjL^o jj>^j ^i~>- ^^"ill jji ^1 *iJjJ' 

.»_jjyu_ /jjJJl aJUjV Ja^lj ajJii jjAJl dkJjV ^^aJI 

j~~w>sJlj <L>L«*>Jl oUL«j«JL) ^La!I ^W"..." il j^J <L?-Lxj LJj 

^-^Jj jl {_^~o-> *j j j _jJl ^A^*" J ' J-* j»Jij>5^™j ^ JaJb jj5Ut— Jl 

. JUj US jji oji tj* LjI _j~>- 

J=S&s tJISLiSllj ol^UJl ij^J L^jJ^uJ jJl ^jUU; ^Sfl 
iJj^>T^Jl -I (Liquid Crystals) aAjLJI oljjJUl ik— Ijj 
iJjLJl ol jjJLJlj -J-«-*j (.^J jJI i;X;j^>Jl a-vJl^jJJ JUL* 

jJ5Li aiS>^j> oIaI><JI J 1— a.,<->! ^li C->lXj^>Jl <Ujc«j>vj 

A_~jJL> oLSjJ^JI eJLa <ij>- jJj^J .<Ujj^SnJ^/I I ^ ; . '„ 1 j iSjjj>Jl 

Jy> iJ—Jl.^. J*>\J^ -OlJ-P jl t- SLLi ^jJLp ,j<g *...S\ I g .,^1 K-J ^1 

. (Polarizers) oUaiL™JL; o y«j i;L>»j S^iuJl ol>«Ji j^Jl 
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L_wnJJw» i i ?•> i ll oLXjJ->JI c~iL5^ lil L° j'jJuj ^JjI—* 
^ J-*-~ — ° jlS^ lij L° oLxjjj>Jl Jj-*^ >-iJ-J-^-'_j n—a-^ljii-u 

^ ibLJl ol jjiJl jl .jlaLlJI ( v r ^p ^1 LiLlJl J-j-b 

.oil ^al 

ijjljj <<_j ^r^-il iJ I isljjl ^jj> j-*Jl ol~iL*i ^> JjwL?- 

<_~?-j^j ^ yJJ (Field-Emission) Jl^wJl-djU-Jl oLiLi J-o-^j 
'U^Jt'i/l oLoLo_s<s ' 4jJ_JJLJI oU^jjjjJLJl J-*-* ^j-*— >l ^y> j~S f-'j^r 
jl t ^ r iC VJ liiLkll ^_JI _,jJl Ml <_Jlkj- M L^J cL^lSGl 

Cjwj oLlLlJl oJlA ^ <Lj yjs i]aJLs J^J .ojLxi>-l (_£ jJl j jJJL 

Jj I jl jj^va-j (_$ ^» jJLJl jv->«->«Jl oli oLLguJl ^ i_iMl SjLe- ^ 
^yJl i—J SJ^Jl iilli oLL^JI .^J jj—i oUj^SJMl l$u^ 

jj^o oLjj^5\JMl y>C> <cS\-o-« <«jL » _ji j^"l 4U~*_« j-fr^ 
Jul! j^uaI J^L^j VjHJ^' Aj_j-iUl jU^I .oLl^Jl 

y^l iJL«^ JMi- dUi J5 j t5JL>- Lftjj^a; ^5L>^Jl oLl^Jl 

jjj .(_$jJLJI oLlfJI Jj>t-1 i_Ji Jju t^lJUl ^^><aiJ ^iy^a 

Jia t «jJJiLa ijiLj ^iL«_> ^bjlj ^i-jj—oL^ ^j^i o-ali 

_ oL«-Jl ^-^j (_j~jl 38 jiaj jl j-i'i/l 4-L»l£ j-wwoL~j <LiLi 

^1 JL^JI 

.oJukj L^j>-bJl 
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jl jj^loj .A*Jl o*>V-i9j^Jl oL-ili t (_^~J^ jl i^^-*^ Lj-*! (_s*^"J 
.jiljJJl ^ 5^-5 i>»_i^5 ( _ J lc- jl ^Li jl Aslij ^j^k; 

.JjL? j^SUcJ £-Jis*ljj ^^i^ j ">L)i *S jjo JJl t-LiJJl dlw 

. ( _ r X»l f-LLi- 4Xj^-> i JaiJl j^LV-' j Jjju <U-P ,^^1* 0 j]ai y 

^Juj viLo^j jl obj_^>- JjUo N idlw o!i oLiJa J^SLiJ 

oLiLiJ (Ink-Jet) j-~»Jl vl^sJ it-Ll? j»IjJw^Lj <JL _ / k!l 0 -L^j 
oL-ULj i_l*2ji» ^Jjf- ^-^y (_£ J-^ J ^-JJaJl 

Is- j.'^.^Jl ^r^>«Jl VJj-^V ^L? 3 ^" i-iLi^jj 

olilij ^\ .a \ <LoJl?«jl~~»J| <L_^UaJl olj_J_Jl Lji *jj aj £jljJl 
obj_^>Jl J_^- jjXi <~*jJl iJj^JNl ^_^-Jl J^N-i jj 

^ Lf^jjJl j-UJ jl cilJi Jju <—~>*-i Jj (.ijj^-JjJl J-~-*^ 11 J 

Ijji £*J> y> ^jS ^ jl oL>-j^JLJ ^j^^ojj .c-1 ./?a!l 

(Orangutan) « jL'jJtJljjl)) Jl s y\ J^o jLliJNl i^U- 

jl^sii jir^H j~~>. JLSij^ll ■ ■» j (^-i-!l ^i-^Jl J^j-^ 

jS! tiiiLi Silo j-^I iIjLi« ji 
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ij\y*-> LajI jv^>«jjl i_->«-;J .l_A.>ljJLsl J jis ( _ J J- £ - oUj ^^JNl j-JLj 

Lgj^Jl vajt Silj^J ^jIjJJI ^ k^Vj>\ oil j j aJlS oL— *_w~Jl 
j^oj JLajJ <LHi olS /pljJUl Jj<-=r jL^Jil jl .3 y jUj 

jJT ^ j£J 2000 ^ *t~o-£JJ J^l <^S\ {+, jvi^Jl 

(Alan G. Jl_>— ojL_jJl_5Lo ^_ iTj (Alan J. Heeger) 7 _J<__ : _» 

. (Hideki Shirawaka) 151 jl^-i ( _ s £ i Ju* j Macdiarmid) 

<L> jil jj«Jl oLiLi 

I <L»_>jLij 4->j-^j-*Jl oLJjjJLSLlNl laV ..." UJ iJlJL*Jl jj^j-nJl 
IJl>- AlJaj ^>^Jl ^y^- jpl-UJl ^9 oUj^^JNl jL;_/>- ' jl 
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U j^J} \L)Ss (Jju jj ./i H ^~>j j j oJla ^1 L^J*)li>- jl-j". ll 
4oJ_pl_aj! oJL* ^^-L^ 5JLa-ljx-»Jl oL^SjLxJl ^ „<? " <• (E-ink) 

_ r S3l jjU^JI ^ o^l JLjc^NI jus 
ol_ r «_J > Jl jl 1989 ^ o^L>- jj, (Richard Friend) 

• * (2) V 

<L«JCLA jj~>Jl slli'i Jtl« jvj A i jjwJ jj y <uli» eb ill iw-li 

.aJIp ofrUS^jj ojlxi^Jl o'jJSlI <-^J> L^e W^j^" 

y^Jl oli jIljJI li!5L-1 ^ju" Uju tljJL-^L- Jlp oUj^JN 



J. H. Burroughes [et al.], «Light-Emitting Diodes Based on Conjugated (1) 
Ploymers,» Nature, vol. 347 (1 1 October 1990), pp. 539-541. 

P. L. Burn [et al], «Chemical Tuning of Electro-Luminescent (2) 
Copolymers to Improve Emission Efficiencies and Allow Patterning," Nature, vol. 
356 (5 March 1992), pp. 47-49. 
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^>-jij ^Uw^Jl j U 

^ ^^ic-S/lj JjL-S/I k^jjJLj loUJaJl ^ iJLijJJL* ^L^Nl iaJ* 
L>l .U.$v.j ol^^Jl iJLijaJl iiJaJl Jl ^L^^Jl jLdl j">Ls>_^; yJ*}\ 

<lJUs J-Lkjj o^jIjlII L$j_l>«J ^yJl SjiJl ^jLo (JjJ^jj oUjj^JNl 
o jl ^5sj t- j^iiU ojJj» 1 '-^-'^JJ (_}^*~; 



£. jilji L. .iUi j <. 800 j 400 ^ jjuJI ( _ s kjd 

.t-l j^>Jl jl jJMl _^>«j (J-^oj * j -<a)l ^ J _j]5>l CjL>- ij^-M 

aJujJs ol j_J1 jl>- jJ jl jJSlI , ; la : : 1 j-=~^l iij^JaJl j 



H. Sirringhaus [et al.], «High- Resolution Inkjet Printing of All - (3) 
Polymer Transistor Circuits,)) Science, vol. 290 (15 December 2000), pp. 2123- 
2126. 

Mounir Halim [et al.], «Conjugated Dendrimers for Light-Emitting (4) 
Diodes: Effect of Generation,)) Advanced Materials, vol. 11, no. 5 (1999), pp. 371- 
374. 
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ASUaJI dVi_j~* Sr^vJ (wJLxil {y> aJ^»jo ^j>CHj .oLl;^>JI o-Las 

urr 1 ^ 

( _ > 1iJjJj c j jjuj'jlj j»L5 jij .olj^-JjJl ^ c-lii UljJ! ^ 
>L_j i (5) Lj«-jJ_^l£JJ ^^--ij-iL-Lo Jl^*» ^ (Vladimir Bulovic) 
l$i£J j^Jl Jslij ^» Jaii SJb-lj iLl» ( iStxj ill** <uJ» oli Sb! 

^Lj^Jl iiUaJl Jjy^S i-J jAla-d! j jUl jl Lo j 

ij^-Jlj pj-^AJ i><^jl iLkJl ^ aJLj^SCJI ojU^I JUajl Sta^M 

j£J JiAl J*A^ .i3L* LjjLLIj iJUiJl UJJI ^ 



Seth Coe [et a|.], «Electron-Luminescence from Single Monalyers of (5) 
Nanocrytstals in Molecular Organic Devices,» Nature, vol. 420 (December 2002), 
pp. 800-803. 
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^si> j» t j U <tipUl ioLj ojL1sLi?-^/I oJLa 

40000 SJ-J jl tj^Jl iipL. ^\j^JjJ\ J-^iN 

li*. o^l ^ jljJS[l JS ^ .L^Mji-.Vl oL.IJl^jl^VI 
<^-Utj cJljM JjjVl j j-Ul L$j~o kl-x-Jo ^yJl j_Jl j^j<i t ^^.xJl 

y_y^ ill iSbj5 iS^JLi <. L^i iL-ow»l oli ills I jJ I 

Lot .<LJj j^5J^/l jJIjlUI ^ jJLa_ju^ 5 ^Jai ^JJ i-iLi L^J 

zpl-UJl ic- y-A* sjiJL bfcijjj ^1 oLjj^£-Nl U.S 4_J>jl*Jl 

SjjJlJI oL^jjLc- JJLo to^jj^j^Jl 4^-jJjjJclJI JjI_uJI i^jjljJUl 
tJLaJl cjiJLjJl "<>y^r\ o^jJlj ((ii^t-o i\ jjaD jj—Jij J 
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^l-Lit^^ ol y> Ml l j~J k_4jlg-!l ^y> ^^-jLiJl *jj>JU 

.1 si j^Jl ^^jip o^jl ^0*1 ol«JlSC«Jl 

LajIjJjI j ^ ^ ■> *- j_j-5v_<»_> l _ y Jl j-aJl j-*-!l oLiLi ol 

( *Jal~J lu£J i j-ub>J!j il)L~jMl j^o «.Ui]Ml -*J-*->- 

5 ^j-* i aJuj la ; jJl l _ 5 j<J-' M liLJ : dXi'i jjL>«jLj ol 

lv../?«J d^-sjJI <u«~Jl ^\j^c^m\ LuSsaj ?l$J ^^^axJl LSjbl ^[ ijj^a]\ 
j.,,^11 cj"%Jc^J\ ^jJjL^o ^LojJl ^Jl cjLo jlx^Jl JJLJ ^j^aJl 

i>-j_b J^^^Jl -bJ-ij ^L-^j Olj-iMl jJuC» oMl jjn U Ja^> o[ 

.<j_jjwJI oJu-Li <U j JjM iJlJLSl LxJLli ^,-ibiJl iljU^ J-*?" 
^iLiS' y> ( _ j Jlp £jJI lJu»> Jj' J- 1 -? ' 

^Uk-iSlI ^ * j-/2-!l J j-5*J 1 _ 5r Jl Jajjli^Jlj jL_Js_iJl jl 

^wajJl J^U- oJUi ji*. L^iiJ LlLj^S oljLil ^1 *Uw>Nl 
*Mj_A (jaJ ^L.jJlj ^s—^Jl i]l j^Ml ^1 ^^2_il 

v_vwsj (Rinitis Pigmentosa) ijSLdJl J*>U-Jl ol .IfJUi ^Ut-iNi 

/^o j^5l iXt- ^Lxjj ./^x-jjMI oj-i-L^ Lijc^ o jJUJl oL-»-f- 
j-aJI ol-*iiJ JjMl ^~~Jl ysj i £iiJl ; j-aJ' y 0"* iO"^' 

.^jJL ia-J^j t-siy^' (Jb-ll ^ 
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J_*_*JI JS- _ i~j\-,j-$S oL> y Jl * j-sAJl 4_SU» J y>J> ^ j 

iuJl J 90 Jl 70 jl SI 4 JljJN ^UjJ! Jl iJL^Jl ^ 

jij .i!L«ij <u_Jl^ J*-j _p-JuJl ^c^»\ lgi«^o ^jJl > n*S\ 

^jJ jL«j»Jl ^J> y>]\ J 4.. „,?nJl L"A>Jl oJla j^ixjo j ji?-L!l j>li 

J oj%>jj (Mark Humayun) (6) jjjla iijU lJu IjJ 

oUiJ ^\>C~~i_ A^^jAi _^4>xJ j»Uajj J^sJLJI ^JLS^ jjj^iZj ill 

t ■ /■»«!! j^iL^i jL> j ^ pLiJl ioliL aJL^p j^jjaJl Ijuj 

.4-SC^jJl J^- L^jwijj L^-l j^- 

ol ,,h .'.11 _lJ ^i! jj— «Jl ^j^" oLJjj^SsJl jj I j^clij 

^k^i iL^ti^a jij-^ ^ c~«JLi<ju-lj .v_jLkiSl! i»JiJ ji>^ ^yJl 
^Jl oUj^J^l Jl ^JL-N iluj ^ LflU^.lj JlSLi^l 

.j»Ual!l IjUfc olj.il ajj.,f?ll Jj-^J .^jJJ^Jl *_^>Jl 



Mark S. Humayun [et al.], «Visual Perception in a Blind Subject with a (6) 
Chronic Microelectronic Retinal Prosthesis,)) Vision Research, vol. 43 (2003), pp. 
2573-2581. 
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: _ C .'. li . 1 U ; 

ill .A 
> r . B 

L_.LkiVl j-« j— ; .D 
C.,1 ■/»■"! J w«Jl j»L»l jJaJ^Jl ^LjJi^ CjljUaJ ik^ljj 

^1 L^—Li ^ jjill Qj-^aJl oUU->Nl J_puj oljLi)ll 

UjL-j>-Ij ^w^-Jl ^*L-j>-1 ^IjUmI ^Swj j»j*frL>- (J^"j 
J*>l^JL >_jUa^Jl J^- jS\ 11a jl5 .Jaii ^ Jl ^ SlxJ» 

^jJ Ljl Ijj-aj L-L-jj-I <w~— (jJJl ^Ip ii^Jl i_jUai VI y JS 

kih^Jl ^UaibO (Threshold) oLuJl 

(_g JUI _ cJ jJI JjLi< jW--!! lS' - o*~ >*->>-»Jl 
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.jJj>»^Jl Likj UJJwP Jjjj^/I j_^Lil j^jj jL^-Nl ^^2-*-; <_yi jlSj 

.tL-i^'l iS ^JJJlSj c_ a^SUJl >■ ij^-j j-Lkx*-l_j 

a:L^ jy> ^-SNl tj^JJ l _ r o^l jl5 (jJJl ^^JJl IIa ^Lk^l j 
i*jjU_<Jlj j^jj^jJl ^-Ik^Jj <L~«_?- 4iL~o (E) »_3yJl 

iijLi^o j A^-iyi ^UiS^/l Jyi JAP oli ^L^jL j-* 

oIjJ^j ^1 Jj^jjJL I j 1 JLo jj jv^Jl ojLil ^jNl *jjL>«j d)^ 

laa'Lo j j_La-i ijjLia >_JiS ^J>\ jv^j>^olj »_3JL^jj 

U lil ^j\S <u^J 5jL->. o^LiJ ^LS^Jl jJjJL ^f-J jj^j tLjjJ ^ j-^ 



220 



(Takoo _^5L" ^Ul _^S3Vl Jd>Jl j .j.JL5xJl II* *JLL«1 

^i-l Vila VI L _ r -J "olJUoL yS j!h aju>{^- ^ <uj jij Somaya) 

j-f- (J^—j (^JJl jLJl L _ J lc- yjj ^IwaJl O jJl jlis ( _ s )Lp JaL~<Jl 
i j^Zs>^aj ^~~*J^>- (j^J-^ Uiji *• i j-~»_LJIj O j^Jlj Owl jJlj 

.IjoLuL-p-l 

^1 4j>t-jj l^-p ^^Snj -LxjI ^ g g7 llj ^_jL*_jl*>.'V I ^^y^ L^jJj ^>-.....ll j 
<^J6jj jA\ oij _^SvJlJ U£ji l^o <Cli cJ ^Jl ^ j^Vl k_~Lkuj 

jvIj U ^«jJ (^jUj>J|) J^iiiJl C~/L^> j L*5 k_JlJaJl J^-^> 

.oljiVl ^ t^*^ t-»W ^^j<Jl ioJlj S ^ .b;" AJ ^ <u™>^ 
oIjLJl^ i\ ,<n ?t-i J_^ax>^oJl ^_ _->«Jl _ 4j>-1— ^ oL£— i ^ j-a."-i.ij 
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^SL<Jl jlij^ll j .iJU J5 oLkjc<Jl j» (Bits) oLuJI 
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i-jL^Lj l _ J Jl ^LiL^^i'l oljJUl i. frj ll ^^aJLoJ < jIj-IJI 

LoJLLp frj ./? ll 5 ji ^yi* JaiL>«J <L>-j_Li ' * « ^ ll £-L>-jJl ^jjjJuJ 
^jNl (_$JL)I JjiaJlj ^^oj^SCUJl _ / kii3l J-iJI l-i-» ^ J^-i 

i«JlS^o 0_J^-* f_J^l oJlii^^JI O^Laj^I 4-«Jajl ^ j^-lsrj iijj- 

JJiij i JLaJl I .La »yuj .yj> _pLJl jl>- ^ JLU N aJLjI^I^o i>jl_u^l 
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j II ojl«~o 

y M SjjjiJl kjUSlU tS^U^-l oUlj-s- i^-L>-^Jl k_iUSllj 

k_jLJNl <w— 5 jJ j S->-b_L>Jl lJASLJI jl jj>tj ij Jal\ (J Jl ./7-x^»\ j 

L—jJl jl .^UajJl c ■ ■ ./? : " i-klS L«_§^» l«-J-=r '^j^' ^ jL"L; 

jjj ^^iSI j j£s > sLJN I ^-s^j JL>- ^ Sil^Jl SiLjjJ SjjjuJl 

Sj<_^ ^LJL j^ I Jjo ^ jJU ^ IJU <. *>Lli 3jl=-I j SjLJ ^_si> j S^ilS 
Jili jl il tSJu>-l j SJJ LfiiJ ^1 oULSLJl jJL*j ijj-iJl ^JUS/I 
^ ^LJlSLJl J~*->** J-^-> <jl j- 1 -^ SiJUl cJu& jS/ ^1 J-Iaj 

Jaii LgJli ^ ^jL-L; k_iLJ^Li i2000 Sjw^. Ju^ ^JIjxJ i _^J»j 

oNU;Nl 

^j-wixj ojjJ^x^i c~~J oJjJLlNl ."jNI -./i'I Sjt_u ^\ S^-L>Jlj 

jls jJJJJ icij ^1 ^ 5Jl>-Ij SJ jjiij S^JlSji ^ S^jtL^Jl /yj ji^l 

j jJ>o J»3j .Oj-^S "jj 1 o^JIj**-* 4 .~j .,^?"*>\J ^jLxJt 4_s-ls- 

(.SjL^JI ^ c^i j^)/l L^Lk^o ^Jl Sj<-Jl jl_LiJ i _ j 1pI Jl>- JJJLa 
LuSs^j Lo ^j^J* t jyj^l j j2 jj -^-^ ^} ^ j*-> ^ ^-i j— " 1-° 
oMUaJMl oU_kj^ olj-Jl ^iNL tij-i^o LgJl jjk jjjLJI 

^ l-^^i oJ^;)Ji ^ J-^ ^-w'^" ji .s^-l^ji 

Lol ji- jLS 65 <ujj j jlLj I jlo^, 170 J jJaj j_^ jl ^1 
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I ol j£-»->_ > JLiJl ^^Lp j .LpIoj jl ^IjlsI 

L»JI jjLi oNl>- ^Ji \ jj jl j^Lojj <.AjJl>- >jij s i\s>z}\ i jJzj>-> 

.4jlijL!L> jjj*^«JL> ^ LoJl yOjij jj-l oNL?- (_j^J ' jrf-^J^J ' J-~J 
J_j j-Jl .j-" i j--. *—S> ^JaJ t j_« *A-;lj C — j^-XJNI J j .,<9 9 t j-o ,,i7 * "j 

jl Bj../?«Jl J^l— jJl y a-jI j-* <LS.Uj oliJ-k 0 : ^1 j 
f-^jij ^_jjJ-i y*jj» ilij jl ^^Ip iyjJLa LJLSUJ iaii IgJl 

^i-La jU jl a-p jjJl (^L— lSj^-^ j^-'J^ ij^^J j"* j~^ 
|> jJiJ jl J»;^l^_4JI ^ j!i Jlbj • ( _ 5 -^' j-*-" oLLLJl J-^J jjL* 

4jjj><jJt pJ ; la yg»l o^LpIj tjiLs^Jl jj_>^ cjyjsj tiLxj^/l 

( J-o-J L T— n jJj t ^J) «^ ^ J °JJ ''^ ^ oij_L>i-4 j j-SvJ jj-i ^^Jl ' <~^>Jl 
4->-.5j^>jJl 4~JLwJI ^jJCLo l_l$l&J .<U>ejlj ^j™^>tJ (j^^-d 

[ J^a."<.'L...ij t4jJ_j^[l <LjUl!I ^j-^ j_>Ll!I j-° ^° 1 ~ 1 j-*-'^'- 1 

1 *J 1? " » j & <LjLiJl_) djljLwJi cjIJj-^Ij o>L^_) 1 j^j-— * lj- , ^^- , 

aJISj A-i-J ^JUl dJJi jAusJl j^o oLoNl ^ 

0-LiJj>- (_J jjs lL^s-JLi IjI-Lij .AJw$L«-a <iL-^a (J jjal <Lo j II 

-Ur jj .jLJLJL. Ay>A jjj Lo ^Jl _ t _ s xJl ^_LjrjJl i---L-Nl 
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^3 t j -Li J^i ^Jua ji\ J^>- Lc-jLi J5LlJ J5./?ll ^ i_f^\ 

jt^>J ^jJL !>LLrf? 0_>^j jt Jdj^^ t ^Ja-Jl dJJi ^^Lp jaj 

">Vi ^pUI cr ^>Jl Ul tie^-Jl ^ L4J jji-iJ oLkJlj tjllsNl 

j> aJ>j*Ji}\ oljLiNl t- yJiMi ijjJij^Jl e_sUMl c—U^-j .^^^jUl Jb>- 
^L>-jJl IJL* jlSj .SjJLU J yJm jlJJii JLxiSfl oLlJ o>L^JLJl!I 

,]oj3 Ijb-lj LtJl L^S^w ^LJl ojLkJl Jil ^ ajj^ > 

Wi> 4^>J!ii ji IwjLJJI ^ JJljuJl «• <iJl ^ j jJJl tUj jl 

.Ul,I 

^-dj-" j-A (_$iJl ( _ r <2- ; jVl tj-zaJJ j-* * j-<aJlj 

.ji^Sfi siis ^ 

jl ^SUj j^j-S/I jl j-ai-^l jl (ijjSfl j jill oL?-ji J^i-I jl 

tp_J<JjJl 5Jl>- jL^5 aJI 4 . la «J ^jJl OjwaJl JJU I j j^sj 

j-j-^J «: j 1| J . jLSL«Jlj jLojJI t-jjuJl^J jjjl i-OL^-l ya 

oJL* jl .*JjJ ^jIp l.il<>JLpl i;j>-b>-jJl >_jLJMl «-aJjL>«_<s oIpj-^j 
1 jJLuJl J-*^ ^L^l (Dispersion) o^jJL i_j _y<J L ^i\ I y^UaJl 
^ ( _ ? w > ^Jl ciJaJl jl jJl J-^ij (^jJl ^JZ ^ ji j jiO 
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^ IJj Laj .lgj_j-^5j JLLf- j J^S^ n Lfjts toLi 4 _ 5 lp e-lj-a-^Jlj 

4^_L^5 o ^^Juj ^JaJ Ig.i ( ^}\ AjL^JaJl ( _ r ~ all J™»_dJ aLLaJI 

.<! yfl.fl.uJl L^XjjJk jULdJj 0*>lia oJjjJl ^ 

^Jl j^aJl ^yiSl oljJj^ ^Aj iOljjj^Ul j»|Jukl^l jl 

^JJl o^iUl S/jl OL^JI Jjljl ^ C~P^i>-l 

jj»^>-l Lj jJ ^^JajcJ jjjl _bJi_Ji ^1 ^ » ( *^o s ^|jJ^L~*L iiUaJLj 

oljjjN \SLi_jJ\j L-~*jj ^ji S-JlJ oLply^l ojIj -L^aJ LJli 

0 j^iLa I g '. a ->o 0 Jjjjlj ijjjj ijLi»J <^JL> 0*iL/3 ^0 oL-il J^o <lp j". ./? 0 

(Gain) ^_™£Jl : l ^Jy^ Lii ur^ J)?^ ^-^hj -t^kr*-^ 1 J^^. 

\^aJ>t JH l_^>cj f-j Ji}\ o_Lli t (Feedback) "U^Jj^Jl <LjJcJIj 
J .,<->' L>jl^p L^Jli ^1 £-xJ jl ^>>4j (*— — .-£-!!) j^j*>UI 

diJi -by ,jikJ j>>Jl ^-L^" Ji-b jUjilJ £~*L~1 jl ^1 
o»^J ^oJl <jJJ«jlIIj > -.^J I o jji\'yj> ^jji \l\S Ll^jLp JJLl 

^y^sj^Jt ^jjJL LaJLlP jila." ^yJl <JbJl <Jj 4 a. la II ob O-j^aJl 
. L^_a J_>iJL™j ( _ y Jl Oj ■ /? 11 *L*j) la '. a ^L»l Ljjjjj^sjLo |»_L>sJL~u 

AjJJcJI - <_^S\Jl ojji c-Oj Jaii Cj j JJi jJlaJ i?-L>- iSLaj 

4_oj>r jj j jJjj^LLaJl 4 la a : L O jwaJl j ! I t a j jja o»j>tj ^-»Jl 

ojLiNl i=LaJl iLyj .lOj-^aJl j-^-" ^ (_P~-b LoJ-i* (^~w^!l) 
<uaU I g ... a i ojjjJl j (<jt>tj j>j ijjjij) j ji j^SCLJI J^j i_s^^ 

\ { Ja y jl t j-£-«-; (^l ojjjl ( _ 5 J-P ij.L>Jl N _jJ j . LgJJJL- i ^ 
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0>L>- j-o 4 la.. *j\ yj J-L>*Jl £-L>r_L> ^j^>- ojjjjl jli t C-> j .,^? 11 

.jLJl-J ajLjJI U^SG LJil ^ j^h ^ t-ia-^ jUl JJJj-; 

oJlS' L« li^ ^L>- t <L<iJcJl ^JL' jj^vJ jl ^1 J^*i l — J j-aJIj 

jjCo Jy«j '--i-S'j . jljJVl 1*XjCJ> Ua-U-- <JjJj ^1 io_g_*^JI 
J -5'l J-o^>^J ^ <_;! jl "fig-; Qj-^J tl>T ,_jlJl j-^aJl i^jjJl 

* i. 

JJuj plidi *_~Jl ^ SUii; pS\ UcM jVkj^\ 

.^Ul f-j „r?lt e-l/L "^1^ ^j-*- 1 iLxJJ OjAj jvJtv2j 

l^il <^jJJI ^ILu L^^rJ ^Jl . ur L}\ 

jlL>- jl ' JlaII jl ,v*Jl ^ («* ^ >— a— ^'qj 5iL«Jl 

^l Ji ° II _j (jJJaJJ *l __ r «_>«Jl o->sj <L*_JiVl (3 j—* - " j • jl*-JVl 
.L*jli \~J> bj~p^ jJLu l*.* oLj>\ JtAj- oUjJljw <<JL» ^.i ■ >\ ■ ■ aJl 

^yif- ^Ls^j^l ^IjJl J./» a" ( _ s Jl iiLw-Jl ^ olj^j*>Ul JLpLJj 

^ j-^Sj oL»j1j<-<JI jl il iLpjLs jj>^i tl^j jj-J /j-wi-oJl 
j fJljJ! » ^ U Ix-i ^^Jo jl LJlp -j^Jl ^Juli 

jli tlJU js- <^-~>^J> j\ ol»_j-Lx_»Jl J-^j j^^-i (^Jj-sf j 

c-LsisI jl .\ jl ^_xJ t jJJ-^ 1 jl Jlj-Ij ojL ij (J-^ Lo Ij. 1 ■ a " 
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JL* VaS L»L»j (■ j .}i ll 

la ■ U- J j-^J ^-^i L« ' * j s<aJl ip^wu j-J<— i jJJl Jl jl 

Jaii fyZjC Jj Li5 ^ala"." N dj|jjj*>l!l ^^o-^ij jli t IJJ 



-iij .0L0 jJl*_<Jl < i ^c- f- j .,<? 1 1 ^lijl jj-^- 9 J*Ai- (j-^ <Lil_si>l 

^^Jlp CjLlj <u_^L LjLaljl (■ j .,h ll iw~>u>- jl JJij SJi~>- jJI 1 ^ a 
oJ_j_L>- (Bit) i j-Jl . " jI » A - \\ oJLA Vj 7 .oLJLlI 

J5j .LjJlj^ cu^~l Ji ojlJLJI jUl cJlS" lil L^J ^_JUJI ^ 

iJljbT J-f--^l jLS' JLai killi ^ j .L4lSLi 1 _ j 1p iiaiU^Jl ^ 
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i sLJN I ^-ij^ j-y^-i <4-jj-aJI tjLJS/l y Sj^iL-a 

oljJUl jl «JLJL>- ol ^ /> ■> Si oj_» C-_^JL>cJL^Ij .<Ljj_s<2-Jl 

ojiU A^-^it-i jj^j t (Erbium) ^o^jS/I j-a^p ^ AiUaJL 

jLUlNl y y£i\ Ju>Jl ^Lvj y JJUJI Nl JlajL 

jjJJl iJui ^L«-jJL *L^L»JI ^j-o^jNI oljj j»_>wij . c-~-JLill Ojjklli 

oLSL-i ^yle- oU jL<^Jl Jl— j\ <AS y £>\ J>\ J^>JI IJl» JJi 

<-AJ*Jl jl_^Sl J-l£Jl c^Xjl ^ .JLJL*I i^jJb JLjj-iJl ^iUMl 
M >il jl .f^Jl lJUk ^ JJllll VI <C^ JJCU-J N JljV J>yJ^\ 

oLjj-JujJ o>Ll« jiJL-jj tJLp >j_aJl ol>y 4_i i jJLjJlij (_$Jl!I 

( j_o*>LJlj jLlJJI ^^J-p oLlo ^^i) iljLLo <UlLJl ^ oLJuJJl 

.<jj jli-Jl y oJLjfcjJl oljLJLJlj FM _^plj y «Uwsl _yL<Jl 
( jj £~"lj iJlp OI.S.S j .A.II CjL>-j»o JLi-U i JL>-I^Ijj 

1 g '. * J^J -*l _j^JL)l oJla cjLLoJI i j^Lo_ij .cjLo jJu«_<J| 

.c^uLJlj jiiJl y c^- 3 ^' -b>JL ^loJo 

Ja-i- ,_ylp i«J j .,^11 ol yJ>]\ y _bwb»Jl jJ^j J 

(Wavelength - i y r j_«Jl J j U II 4_<>_^J , . .,<? : ; j_?-I j ^^j-L^-j 
J I ^jc-^j' ^J-^ °-' L * j ' Division Multpexing) 

«• j . All y> yC oL» j la. J I jJj ji j . A II oLojr aJl t 9 l_^^S*l 

Ajy^j oLa jU'.oJl oJia j» j^j . JL~»Vl olio <j>.,f?i «jLUI j-p 
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.oJ^-lj 4jLJ jj^-^j J^-lj !J\ kiJJi jj»«J jl 0L0 j_L*_«JJ 4_LaU- 

jl 1 4_JL«-e- J <LoLaI3| ( _ y j>- j_a J jJa <U>_v-J j»_^iwaJ Aj^t^JuJl O-ilSj 
^ . ■> 7 Oli <LJ j-si> * 9 LJ 1 _ oJuJL>«Jl oLjJLllI ids- ^j-u £»^*jl 

2000 ^ ^^^J (Bell) j, ol _ r: ^> J> o j^Ul fli 
i oL°jJL*_<J| AjjJaj ( _ f Lc- J-»-*-)l -U^c-lj •LgJ-aJ j-a r» II ^JU^/I 

.oMU<2j*>U (_£ j./>5ll Se-LiSvJl l-jLai ^^viljj J-** 

^ aJ j_iL«Jl oLa jJla^JI olLJl iJ_*-> s«-Li5L!l ^ULij 

( j-a <sJu>-lj <Cj ^j^joj t 3jLx_»_a Ju>-I jJl -> o*Ls-£ j-— «-JJ t °JJ^ 

t j-»JU t V r SLo_>J .sJj»-lj <L>JLo S JXi j*S- <L>- j^Jl |» ;" Ola ^aJ-*-«Jl 

■ SL'-aJl c-La-sf? l-i-* ^ I ^~°1 jl (j— >* Lo j ol 

JL~ojL ^Lo—J oLlflJl ^ a_L5sJLj oMU<i)Ml J jb' a JjJa -^ij 
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.«Jli!l ^ 4*3~ y> ijji Ji\J JL>-I _} Cj ^ oLJi!l iyLSv^l J*Ail~ol 

ijl «_j jJLol Ja~J jjt _ (Redundancy) is Li VI j»IJb*ju*L JL-jVI jl 
dQai-Vl JJuj jl j^Uj _ aj^NI (jlj Aj-I j v^jI^j oMi ^(jr-^l J y 

(i:> iJjLL^- jj_>~jL^- j (Partha Mitra) I L^jL (j j-^J jJ j 
i _ j J-p oloj-L*_<JJ la 1 . !l jj_l>JI Jj oIj-^^j ^ (Jason Stark) 
^jjjJ j^L' jjt aJljUJI jJL>o j^jLp JjI jL; 13*1 j '<_S j-aJI aJJ! 
L5 iLLs (.(Cross Phase Modulation) «jl^J»Vl ^J^liJ j . n „h 7» _j 

aJLjL>JI cjIj_l5JI jySi^j Lo jJi Ijj^l^j jl iJijwaJl ioJaJ^I 
»j .,h ll jl? LoJQsj .oJl?-I_j 4jLJ ( _ s J-« ; ijjl j.^aJl oL«j_Ln_«JJ 

i—a-JaJl *>LrfS_4Jw« J-^ ^ j ( _ r Lp' 

oLi JiT j-p iJj^^Jl oljLiVl J-^i jl^VL j ■ II 

.iJlill ajL^JI L$jU jLw £L>- j 

^* - ^^^Jl Lfvajy IajU^I _ jl _jjS/l 4-JMiL-l jl 

c-l a il L»_aIjI— ~« ^JsLaJo jLi jJ_jJ j '. t- j U «_^<L-il 4_w?l>- 

U_»-b-l 3>Ji j^ - o^LJI ^1 y\ ^yt i y>*J <J-°^ * - (_5^J^*^' 



Partha P. Mitra and Jason B. Stark, «Nonlinear Limits to the (1) 
Information Capacity of Optical Fibre Communication, » Nature, vol. 411 (28 
June 2001), pp. 1027-1030. 
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1*aS>-\ lyry. L _r > ' ^ ' j*i u^J ' i3*>Uaj'l 

j^Lj oLj^jjjjjl oLs t^jj^Jl ^ 4j>-jJlJI JJUij ^j.^ll o_»5 |»_Lc- .aic-j 
^_iLL!l ilJoil ^^jIp j^-^I La>_^-Ij 1\Jc^jo L*L*I 
j £-sJJ 5_L?-!j 5 yj? <*->- j_j jli i^^JLpI a 5 (_g ^ji Lai 

L^jIjL j^»»J <LjL ^>-y> jxJ^j Lkl~> ^L>-jJl ojj^Ia^Jl oLj^lS-J^M 
jJjj 0>ljjJLll ,£X>-\ f-j ■/} II jli 1 1 J-SLaj .oL-L-LJl oJLa ^L 
(_<; jj-l o jJj (_g ^j-l ol jjJ <LsL^>J oLJ jJ j_aJl ,_s-Lp 

obj JL-jl jl&o^fl ^Ja tisl^J! ^^Ip _uj>^JI ^o>Jl ^"LJl 
jJj j .h II 4^>- j^Jl o>L JLo ijjs J*}L>- oLo j_L*_«Jl j^-o 
i 'jLL La JL^jJ ijjLL»Jl l~LiL>- o j-**y '. ^ oJl 

La jjXOj LjJLj ^.la:,,.; 4_a_J ^ la'." LaJiXf- 1 g '■ . > L>— s 

jiaj j-j N Ji <&>-j ^L/jI oLwaj j jL>-jdl a>J>\j L^a ^jjJj 
ij^-JaJl i^jJL cJ^il lil LjlSCJ tiwjs- OjJk^ L J~e- jj*iaJl M 
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* 

' ' •■ & 

LJUil 

tlLii Jj-Xjj l^^lnJl Jw«_*Jl (_5 J I CjL^jj-JLJI ^J^i °j ; ■ /? 1 <L* j-->J 

(Multilevel oL>^^~Jl i-Ui* ^i^Jl _ Ji* iJLi»l cjLx£; ^ 
SiLj / r SL>_ : _~i _ (Phase Modulation) jjJaJl j^-wo ^ " j Coding) 
^L, J^>L«_, iJUJl iJj^aJl tiU^I oliLjJ oL^U-Jl JiJ iJl£.l 

i-Sj-sill ciUNl oUL^Ul oLjjj oljiij j^jJI «-»LgJ oj .aJ^' 
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JS\ JLSlJl 4j>- j ( _ y Lc- LjJl .SJb^l j a~»S ( _ ir Lc- jl Ijlp- 

Lo '^c J * ;>t -ll W*-*-?' •* J> ^ ^—i^> -^-1 j IsLJjl j^o 

^JLjJaj ^^yijJ^v-^j j^JC-il <U_Sb 1 ^lailjj J^L>- <t_L>j<-i jl la "... i 

»L) U.up ajJ JJ aLIS jj oU ^Jl aLju dllL-^ ijpl Jul 

. aSJJI 

JlJl J JJ (Hub - and - Spoke) «a*J.SM j _ J>>M J|)> fUJ jl 

^Jl jlS\» ^j-^J 4 1? ai l jM AIjU oUsLjjIj o j_iL-3 ol i J-^J 

(Rochester) j^-i JJLo ijlk* 100 Jl ^1 ia^j jl .jlSLs <J\ 
<_£ aj^J-j ^j"— J j i-x-~^L; (Boise Intergalactic) ilLzS'VLe yL>[ 

hj>Ji\ JajJaiJl oLS'j-i -iSj 3 !" iiH_r^ Oj-Lo _pxJ ^j>^m 

.jS/l aJUJI ^ Li" J5LLJI ^ ^ U 

: jjb^jl J">U- ,y Ja, JL i_JaiJI dili ''-^ 

aj^>j_» ^ 1 _ 5 JL=^IjlJI jlj-JaJl jLk») Lijlj^^j u-^^j j-e-LSJ^ 
j _JaJl iJ_c- jl J-^^j I JLa j .ij-^LL*J\ j-^^l jlSLJl ^Jl AJ^LoSlI 

oJb^l jj .^UVl iJiP dili Jjj ^y^Cj ajjIIxJI <Lv2jL<JI a>^>JI 
jja ( ^«o ^iS'l '■ g ' • 5 j-ll a-SL-JI AjjL»->t*Jl o-L* ^iLji ^j-a 

.JliJl j-aj^ j\ j\ 

IjJ t(j jJaJI j^ail jJk _ jiJi J">U- j-* J - oljLiJl oJla JL?-I j 

5 jl t j-^j- 5 - Q la j-; » C-JL? L» lij j-^J • J-sii-Jl j-fi 
. jJl J jLio aLjuJI (j ^JtaJl j t itLu^j jl£ ^Jl jjl _ 
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c~>j-J> Lo lili coll j la J-o^j l _ s J-«- ojili iSLJLlI Jj<-><j LjJI 

oljlla-Jl JJ-b ^IS JJ fjjiiU! Jjjj^JI ^ J-^>— ! M j>~Jl 

^ j}^S 880 o jj.flJL>ij I ^JlS JJb t ^UjtS J y*zS 

. ^ >% * \\ d-j^^— wJl ij j^S\j .^JL^JI ^t.lat <LLL-a Oji yp^J 

jz>*j t «-j-^aJl i*-^ <Lj j.,tali ^iUN! ^ la'," obJli t <o j.^all 

toJ^jNl oljLkJ ^j^iJ)/! JljJ^jJI ■ ~o ^ 
t(Routers) dJJL~Jl obJb^ iij y<^Jl iJ^ykll Jj^puJl 5^g^>-! 
4_JI_jJLa oUj^lSJI ^1 s-jwiJl ic-j-^j 4 al la'. <Jl oUjJj_aJl J j^Jj 

j^jJLp oJl» ^j^Aj^Sj .I_AjL a Jj_K_«Jl ( _ s -l- c - a j-« a _^ r JLP ^^wg-*- 

^LJl «-_^>Jl SjlaV. j A-jjj^JNl y-l_pxJL O k_JsLw~o 
(. JiliaJ^l, ol* jllajjNl J-tU-o Jij .LL'LaJl ip_ r -Jl 

oU^^JLy" ^i^T <.(Petabits) ollbu; JjLo oLj^U^JI ol5b-ii 

.4^»j*>Lo ^51 (_UxJ i>-L>aj 2LJj-aJ! oL^L- lS\ jLs tIJU .c-J _^JN 1 



236 



1^15 J\ ijJUuj Ol _^LLaJl Ja^" <L~s~ A^L- O-ljLLw jNl -by iJLa 
a'." j»J <^->l jjUaJl la J y '. o j~->j a]oj>^ dJUj Jj-> 0 j£-~*> Jj 
j»J"5L^. ( _ r Lp ^JlpLvS j t ^ r Jjlj jlla-<jl i_Jl9 J*>U>- >_>15 jJI Jijjoj 

.Alii aJ jj Jp J j > ./?.->JJ oylkJl 

Jj ^»UaJ> jjj j^o Lf*iij oUj^^nJ^M iPj— JJ l^lPj^c tUaj| j^l 

^ j 4_JLJl o^LLJJ jl U - '.Nf l , LajL^Ij oJoJbjJl 5jilJ<_<Jl ajIjj 

J*Ai>- O-U ^Jj^Jl jljJs j^L-- diJi Jju .JuJ->- oL^Jl J lgi">Usl 

j~s- ^LJLlI L^L~a ^ _ r »-*Jl J*>\i- L;jJi>J Lg3 p-iJ SJjip 
A^jjji ijuljLi^fl ^Lf^ L^uLS^j <Lj j./?ll o>l5^.....tJl oJla J j .Us>jL~o 

«-!j^>-Sn cjIj-Jlp- ^y* j L^_i oL^Jl ( _ s -«Jj ^-^j i_yJl a_Pj_~JL «■ j 11 
^-Iaj ^jijj .J~£u~<Jl J kiJUi ^ ^j-~"l (* j-^ iolill ^ jLL> 

ijj-JuyJl jj^" -U>-lj ^y J-oJtZ-o JJ-xJlj jl j-«Jt jjLJI 

SJjJjJI J^wi aJI tLvill t_j jvIj JJl oUxJ^H J-^~^> 5jLp^ iJlill 

.aSwLII J^' j 
CJ ji)M J^U- fr^viJl ilJGjI 

jl A?-L>o jj^rJj .^LiiLujI j»^sj>iJ ^»UaJj ol! jj jjjJl CjL*L>oI 
ij^ljjl oj-fc Ulpj t 'if? ll ^ oJJLi ( J^-Lio ^-j ■ ^11 ( Jjtsxj 



237 



f\ j^>Jl c~?*j i^Ji till; (jl tjl jJ^I 

l^i j-LJ jlj^s ^ ip^Aa twU oljil olSCjJI wJlLsX; j 

^liojl j^JI <L> <UXiJlj ! ■ la U ^ o ^P 

SJ^jl* fOi ol^S tt ^L cj\J jJ*~J l» pJ oij, 
JuLs i^j.ji ll Jj j^JJ frliVl <LJIp j^jjLj 2 ( iJLu jJai oli 

o^j ^ (Mark Kuzyk) ^Ljj-S iijL. ^_Jl |.jJ*jl-I 

5 ji j jio ji k_^>o ^ ^L~^-M 2000 j»^Jl l5Lil£_a jla". .11 j 
jjli i^LjJl <CliLLuil J-*LS^j £*j Jjj^J ^Ji>ti~^Jl cjLJl 

Ujl^l^. L. LiA-i jls ^JLii jlS .dLj^S Ui-il ^1)1 ^L-Nl 
ol l^j>xj ^^oMl jl J7 i tiJlj^Jl ioLwJNlj oLJ^II i^Lwsj <ca 

•(Jjiij L5 (_$Jlll b> .j-^L^. Jil ^ J-^Jl ^Jai ^ ^-^Jj j»J 

: o^L5 ^-J!*iJl ^JLj J-^L^y LLLT ol ?lki- 

oJLJi j»IJi^L^L J-i^i oJl5 LoJU^p Ml Lf^j>- jj jS^j V oljLiMli 

<^ff~-l <j' '— 0^?!^ <( -~ij^* J ^-*->«~>*' 
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(2) 

_j_;jLJ jL I jU jl ^ j jjJjl5 4-j«_aL>- j-* (Wayne wang) cULjl j 

ol ^_g_L»_£- j j^JL^k-SsJl lju . J j ,/7 II J jj^xlJ 4_J_«_*Jl ^ II 

eJL* jl ljSj.il jv-f^J t^jljj^^J^Lj ijJJl i^^~Jl oli <u^jJl J'Ij 

jJ-Jl-i LLo-Sj .4-«_g_«Jl (_£.ijJ M t_ S 4_JLJ| LgjJL>«_i CjI j^JI 

O-ljN JuJu*JI piC^JI IIa /^Jjk^. j JL ol J ^Ja-- Jl aU 
.io^aJl oMLajMI J ^Jbi<a~~<jl jljJMl (jUaJ ^"1 J ^Jj 

Jjl»/lj ^.^nII J-kuJl jv^-^Jl ^ iiL$Jl J LL^jj 

-b»Jl t cjLaJI Jlp c-Lj^illj c-Lo-SsJl ^C- 4j j~- 

Jl^> Jpli-i £-;ji J J^-o-il J^-Sjt! o\S j^S L5 . L-MI <_ r «-£-!l 
JLp iu» J J-^oJl ^r^Sj 0^ L° I jl oUti LjJu>- jj JjNl 



Q. Chen [et al.], «Crosslinked C60 - Polymer Breaches the Quantum (2) 
Gap,» Nana Letters, vol. 4, no. 9 (2004), pp. 1673-1675. 
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jj>t^>^i * _j-aU (j-fUi! ^ (Microcavities) ijjjiLUJ! oLl^ScJIj 
^ jIJ.p1 (*-^'_r> i ii~-^Jl L$_->L>u>-l J^-b oUjJj-aJl 

t iaib JU-I j 33 y j^-fJ jJl SJjJ-i <LiL>j i5 

(3^0 tj^aJU t Ij^oJla I-L^j>- ^_JJaIj j^ .<^5jJ— 1 

AS-j^i J^i jl Lai j_g_3 t frj )l Lai . Oj^S C~L>tp La 

^_JLpSII Ju- j^^l L. lil jl iLJUJl ^ ^ jjJ^ 300 

<ule- isLi>Jl ^ J^-«-~! i_5 jli c IjJ .<uitls> Jt<LL~. j 4-/?L/?"al 

j! _a^~ j .,/?*>Ol l-L* <UJL> j yaJl J .Oj^-ul ^3 J«jLa jj*J 1 \? ">■■! 

-.Li 

£-L->j <uli s-j^iU ^y^-^oJl JjJaJl t » j j-/aj /^SLoj 

(Yoshio Yamamoto) ^ 3 '_ajj^>LoL JLai tolyu^JLJl 

aJjLs i^S'Lp oli LI ^ s-L-j LjjjjLJLS' ^ 3 jjjsJIx-^ <L>oL>- t y« 
^ Lo_? L> g •. . 1 Li-j jj>»jl>-I «- j .,.■} il jl d-ju ^jjL^ Lj-^o-^j 



G. S. Solomon, M. Pelton, and Y. Yamamoto, «Modification of (3) 
Spontaneous Emission of a Single Quantum Dot,» Physica Status Solidi, vol. 178 
(2000), pp. 341-344. 
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0 yji 



■ 




tet. (Nature JJUv* j-*-;) 



(J-l la ■" -li ol?-j-»Jli tjl-Uj^/l 4 la ■ ■'Ij-; oJj>tjj .i«L~?tZ~J 

j»l la" iL ii yw 0>Lj^jjj (_3*>U3Lj j» jju 4jLjJaJl iob-l 0>IjjjjjL! 

JjJJaj _ ^ • ' - (_£J— LiJl ^ j ./? ll jJ ./? <i lli d J-alS^o 

^ ^iLJlS khjij (Kerry Vahala) (4 NLaLs jS 



D. K. Armani [et al.], «Ultra-High-Q Toroid Microcavity on a Chip,» (4) 
Nature, vol. 421 (27 February 2003), pp. 925-928. 



241 



t _ r ^> g 11 ^->jJl^.I (^jjL* L»_»LiLS' ijjJljJlj AjjjJDl NUkLi 
5i~>- ilJujNl Jju _ NUU (_$-Ll <-yJi]\ ". (Whispering gallery) 

jJljj _ j-j j-< LoL ^jl! L»_£ j j-^- L>L*ij 

<U3 J-UaJj (^jjli ^j-Mi^a oLjj-^JLj oljiMl o-L* 1J^5J-jj 

l _ 5 J-~s»Sll pJLS^Jl AjlfJl J i jjJj ia-x^Jl J ^l^r 

(_jjJl!I ^LlJI Jlp *>Liws> LjIp UtU.^ JJJcuJ jl si /Ml oJigJ |ju>- 
J ilJL- iJL- J">U- ^ Ja\\ SiA J*>U- ^ MUU jZU; La j 
Loj^xJI J 5 ./3 7 LJlLo <-J<-j t5AJl ^Ja ■■■ H <4— -LSLnJl I_}Jj«-« 1 ^ '■ ^aill 
iwJa-xjJ yjy^Jl yx~Jl 5J ^_^J>- > j.U ^ jjL; {Crime Brulee) 

— . * ' 

ISU-JI ^ au "^-^ UJa- 



(Vahala) NUtLs oLLU 

4_u j-s^ 
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£j> J-»j«JI Jp LupIj^j 5JjU» aJL;1$JI LgJlJlSdl (jJb^ ^ l^j 
iL>l£u_ll jJljjJl J k : i <■ Jaii OMl (5 j—- oUj^SJ'Vl 

JJL^ LJI Lwo-IjjLc- jJ I j-«-> ■* 1° ■ ■■ 1 «_osJsj j_*isLl*J jul*_«JI 

jr 5 ^— J-* "ti^^ 1 £• "-^J -^J ^ j-*J iS^J 

J^P Q J-L.~-H.i_ jj-Jl^-LJI (jl J) •}> U (J 1 ""* J-° 4— i ^j^o kiJJi (Jju 

.oil jaJL k_jJt^-<Jlj ^l^ioJl j^5s>tJJ L?- jJ j^5vj 



J ijjjjJl jl <L*UiiNl L$5jJl*J (jji'j^Jl t^j-Lllj .4_JL>jl*-<Jl 
^ la'." jvj (j-^J ' *j _yj^ ^ (j' 1 ^ ■ • ^ J—° ^ J-^ 5 j-o-ll l-g-jlj- 2 >— il a la 
^Jj J jj>^o j^>s_™j Lo-Up oljjiJlj .Liil aJLlu cLiJs Loj^p 

iaj^kj cjIjJJI <Jj L«jjj<i t^^ujjUl ^Lill ( _ J ip AjjiJl i-iLLgJl 

(_> jJLS (. ^JLXjJl J k_j|jJL>-*>U 4-iJJ.i CjIJlO J^J jJLj j» j-aj <l^> 1? " '.. o 

j la'. oJjj. J^SLlj j jLi jJl j JL>JI ^ 4^5il ^->Uj j^vJNI 

.0 j-P j_^9 _IX> jl (_^?o (_£-jJl ^j^l<Jl 

jl - ijJj- 1 -' ""J^> > ' ^— J l^" _j-«^Jl oJl* ^rr*^ i_s~^ CjLjj j^SvJ^JI 

Lol .i«J Jl i<J jja J^>- j j_b jJ^L^i .la. ,<>IL 4j>t^waJl iPj^JL 
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<p j «j 

^-Lo ^* ^j^^j ^^*^ ja dJLfhXJ o ^-S^-www 

^Jws^ j-*-^ jj-UL^s ( Jl^j>^_! c-»*)L^j^JI oL^J-l j-wojj^-a ^>jJLj 

^.-^■jl O J -L«*>cj p—^J? iJ^LJ ^jjjjJl ^3 O jpLs*-LJi J^L-^-Jj .j^I^^jI jJ 

uli^L j-U Jiis 1. 1987 a^. (Photonic Bandgaps) iJ^jiJl ^y^-j^Jl 
A_jL ! j_ r jjJ! 41>*-<>JI ( _>- _j_<Jl iJUajJI a j^ni 3 <uli jJl ,ji 
(Eli (jlJLj y jAjL ( _ r Lt jLS'j . (Physical Review Letters) ii j^Jl 
^ ,3!>UajNU dJUi ^1 ^ Jj ol^^r-S^ ^ jJIJgT Yablonovitch) 

^ »Ijj^5jJI JlxjU iJLoj JU5I jji> ^ jlSo (Sajeef John) o 
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^y^L^j 0>Lij ^JLSsJNI JjLa vJ^Lj jj j_aJl jl jLjJi^/ * j ./} ll t a ./» " ( _ r Jl 
^yJl oN.slx.oJl iJjLLoj Lolij .^y^-j^jl (jLkJl Jb 3 ^ lg-*>L^-l 

LAS oIJjj .oi'JjjJlSvJNIj oUjJjJJI oU- ^« jL^^ 4.^a . S ». a ./? " 

ol> J^-^ t^l ' a~?-jL>JI ob»- j_*jl!I jlS I o g ~ ■ ■ • jJlz- jJ jlS 
oljjJJ ^iliJl ^iiuJl clLJi jlSj Ljiji jJ^V ^1 *UI 

oLj j jJlSH^AJ j-LJ L»-S _ jLo jJl j JL^JI ^1 _ o*>L/5 j_«Jl sL-il 

jv^>^Jl-j |> 5jjL>t^Jl sjjAJl c^>tii o^LJl As\iS culls' 

.«- 

^ji oljJLil Jl-L^j LoJj^ : Lg-o-gJ o>*>L/s _j_»Jl oL_J.l olilij 

oljj^S\J^U ( _y>- j^jl (jUaJl ^ ol _^>ui L^c- aJILs ob> .la'." 

( ^ r o Ajjji <LJll» oL. ■ lajj ^jS- LiJ-; jl <HjL«_a 4JL> ^ia-i 

.0>lj ^aU ^y>- j^jl Igillaj ol j^j LjJ I sJj_Li <Lj yj> 

i-»UaJ olj_j_L ^Jlc- J*>\->- <L ,,h all ^Jl j jj>- J l^'.^ j^J j 

^ y\j LJu^- l^jwA^^. ^ S'^JLxJl ^ 5 jSCa)I ,jJU..u ^ : Jlj^Jl 

^,- M ,.a.ilj ^^Llil 4j«Jlj iLnj'ifl i-j'i'u ^JJ^ ^'j- 0 f-J-<flJl jUrJ^Ll 
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LL^wO l$y>-y^\ C^tjJt Jj^ J-a JLSwN^ ^Jj-* *-*-<*-^ J- 3 

.j r a^jC^jj i J~)\ t- yjii\ CjU- y j^Sii <j j-aj isJu (_£ j^-"^ 
\^ j»J Ifi^LJ i-XjlAs tj ji ii-i' i_~Li>- j» jS l y~> tL^j 1998 

t Lgi ^ji ( _ J £U A^w^ijl iU_^Jl ^ 2_J LJl iiJal! U hy^J> 

<uJjxl^»Jl jljJNl olj^» y^ju (JjJsl J"° ij* 

aj^Lajj (Andrew Tuberfield) J-Li^j-J jj-U! j ji> -Ls j 
LJJ j^SL^JI /^Jj j»Jj .iLJai iLia L^sLj Jju jbyNl 4_j*>U SJj>-Ij 

f-j aJJ ^y> yCj U-Ikj jJ^^J jl * j-aU iojUL^ ijjj DjLa C~>^ 



. JJUJl Oj*J j jJl!I jJ j^x^ : (Soapstone) j_«UaJl yrJ-l (*) 

*>LSLi S__iL^ StUil ^ ^J-j y. • jJa— : (Hologram) j»I^PjJj-» (♦») 

.jUjSi jj!"^ JiLi ^ axo j! jSLw US uLuSl 
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j\ i 1$jL>-j^ c-LiJl JUc- ilJJjj t iijli ( J^LiJ l,^..,..a.il ^-o-^j 

\-j -s> *-> O-iJl L^JUc- ^^ixJl 1 g «u c-J<Jl lg.il 

t _ 5 i ? ^Jl jli' jLjjl! iJjUJl e-l^-^l cJja-i ^j" LoJuP j .yj\ jj\ ^yip 

JjbLa "NjjJ i-oJjJl" j^L^ajjJ JuJU>- ^L>tj 

( _ r ju~- j-iL-U J^-*-* ,_yS <l>>-<> j jj jbcuJl j (Hank Smith) (5) C~~«-* 




e-LLJJ j-^-o-j dL-JL* ^jj^-t ^ ^ja^i ^Ji^Jl jj^J iIajLj j^o-; 

jli ^ j (Jeff Odin) jj J\ j j i_i_^-L^ j j^-^j 

l_JL— I j _^JjjJ ^ jv-AjJjLt-oj (Henry Van Driel) (6) J_;jj 



Minghao Qi [et al.], «A Three - Dimensional Optical Photonic Crystal (5) 
with Designed Point Defects,)) Nature, vol. 429 (3 June 2004), pp. 538-542. 

Alvaro Blanco [et al.], «Large-Scale Synthesis of a Silicon Photonic (6) 
Crystal with a Complete Three- Dimensional Bandgap Near 1.5 Micrometers,)) 
Nature, vol. 405 (25 May 2000), pp. 437-440. 
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d\S -^ei .2001 <c— «bjjw5 jjulSl -^d ^Swjca ^ ^ L~~jj U-L>«j 
0^1>iX~-j jU^^/l IJl^J <ULLJl ^o^Jl ^ b jjw? yJi3\ j£L~jia 

4~>-b»-j ijj^i^La ol jS ^ >o M blJLpl <_J jj ( _ r £J i^^JaJl 

■LJ jj ^3 CjIjj-L t^LSo-L O La « la '. " ^3 iljLOi 

(JLkJl ^ oj-^iJl 4_!L>- ^1 ^^.Lp oL Ja^JI ai_» Jl_j j*Jj 

^~J<jj dJUi Jjb iJjJ_j^j! oljjlJl oJLa .l^> j../>\\ k-iUML 

^-J i_JU- ^ ^^i^JL. ^j^l ^Ja^- j ^JJl Jl^SHj 

\yJu\ jJ JU jJjj (Valencia) l_«jJli ^ jjJ_s-LJ! .sj-JlJI 
4_j^JI iiL~«Jlj j^j>w>Jl ob 4_w^L>-jJl ol _ / 5L!l ^ dL-i^o 

o>l j-SvJl ^j-^ l-^r j-^l j oLtS ob iobo ' j j-S\_J_— Jb 

Jaii ^L^^/l ob^<JI illjV i^jL-a— 5 oib> I j_oJJ^JO.Ij .^-w>-b>-jJl 
.(j ^^LJu»Jl J^O <Lp j'. .i^O 4— u ^jSv^^Jl Sj _^JJl 
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t ^yli t\jcS\ oli c~— J «■ j-^Jl ^1 S.ux~~4Jl o>ISLjlJI jl 
N JjLi jUa^i tiLL-i a15U>_o ^ o> ^^xJl (_S _pJl J-*~^ 

.o>l>-ljjJl ol 

i>-U- i]L» j jl ( jSU-> t jLSCo ^ cJ ^Nl COILS' U j 
a5wJIj t JJJu~» L« c— i t^LSL-iJl ^ Jajl^lj J-olScJl ^ iJ 

(Black Berries) ll% *. aJl L jJUJl * iJl _^Jl ^y> i^JL-^Ul 

(WiFi) ^li _> j (PDAs) wi^jJl Jl oIjlpI — Jl j 
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<J\J^\j i_^SCJlj c~Jl ^ iJ>j j&y\ olSLlJlj L£L*"^}\ 
jj, L rr ,»l ii<JM* j i^-uJl »-Lj<-; o^/Ls^'iU 

^plji ^»Jj>tJL~J o^jJLstJi LoiJ!^*j t SJLoLSnJLo j5LJl— v y^j* J^Ai»- 
t (Gallium Arsenide) ^ ^JUJ! 

i j _^5CJu~Jl ^iL»Jo ill ^iSl j 4ji\£ j£\ J^s> 

^1 juju>ai iJjwiJ! ^JUSl ol5LJi JiJj ^Jl olj^UJl Lai 

JjLa t^Jj^JVl Lil^a Ja^J *l£JNl Jl iLj-UJl jl 

<u!L>- ^ ojiLL-Jlj .^L^aS/I ^JL !y>l iJ jj ji jIj^ ^ tj^5LL«Jl 
£«ju>xj N iJj^^J^/l oL>-_^Jli t t-j./sli c-j^5sJl ^xl<JL (j-J <^j«-JaJl 
l y^\J\ ^53 J-^-> iiUaJl ^j, lgJli k >Li>-t jlkJ aJ ; 

^~*d ^^^^ Jj-**^ ^ ^r*-°-i <J j-^J-j-'-wJl o L'M i «.>~*J l j^yi I jjllJLSI 
j j5LL~JJ iLolScuJ! ojU-S/I ojj-LJi JwwL>w Ij^lij ,l<\ji^a * j .h !l 
c Lfrj ialiNl oLj^xSDNl ^ . Ut..." ^j^a^iXj jvj>t>tj oljjJu ^yS-J^jt 

L*~5 2000 4j_^ LJUajJ ^ (Trento) y i^U- J$ is> j-*^> 

(7)* 

(8) ■* 



L. Pavesi [et al.], «Optical Gain in Silicon Nanocrystals,» Nature, vol. (7) 
408 (23 November 2000), pp. 440-444. 

Ansheng Liu [et al.], «A High - Speed Silicon Optical Modulator Based (8) 

on a Metal - Oxide- Semiconductor Capacitor,)) Nature, vol. 427 (12 February 

2004), pp. 615-618. 
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./? " al^l j_a j t (Capital Modulator) ^ j— 0 jJ> ./? * ^I-Jljl-jI 
^jjJL-I j»Iju><jl^L villi j tj^j*>Ul ^ jollll c-jwill 1 _ J lc- oL»jJjc«JI 
LfjCwaJ ^1 (Pentium) ^ _^-Jl cjI^JU-o ^l^N llljjl I y jLS' 
ol _^L>t*Jl "LIU* ^Jl j^iaj _^5\J~~Jl jj^L^Nl ■/} <J I ^ja>j -(J-jj 

^ ^ eH -tAj-"* J-°^ cA" 'J^-M 

2005 oUjuj 2004 ol$J o^U j .oUj-aJI ^ ^jlia-Jl 

LJjj LJLS' i_*_aL>- ^ji (Bahram Jalali) l _ J J > >^>- j»l j-fj *-e- 
^ (Mario Paniccia) L^JL ^jjb> I g » : ■ ■ I t N jl y jJL^JI ^ jJ 
. j j5sJu~Jl ^iJLiw^-L olj^j^AJl ^-j ' Jj^j i5 j-i 

.L^lji y oliL~<JI 

(j-^-x j-£L»L Jljj«» (Gene Fitzgerald) jJl j^r'J^ <j~r <f- y^>^ 

<j-*j o^A-vs j-«Jl oL-il j_yp jJ oljJLU -lJw^JI oliL~»Jl t_i*Aii>-l 
tSj^>-U- oLiJ» jJl j^>-yL3 <z^JJ>*^>\j .c-b^/L <L>«-JcJl jjj 

JiL^Jl ^1 ol5L<»>l ^ 015 LJIi v> L-S/I li^j 
( _ ¥ J| (^ij^ jl (•! ^Jl ^jS/l o.L» JJ>-b oLi*>LLi>-Nl 0 _Lp 
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<uj ( _ y i£- <u!p jjJwi^j ^ .., f?l l j^>, j j-^^d ^ftyr 

4j^-jJ1 i«^UJl ^ (Uri Banin) i_$jjl oiji jjJUl ^ 

(Moungi (9) (^J_;liL; l _ J ->«-! j (Vladimir Bulovic) J^-^ j-^ j-y-i 
j y>- y i ^j~*^>u> L>- jj _^£jJJ l _ r -V-° j-iLwob JLjjto jja Bavandi) 
J5 o-oli Jij .2001 Jl^o dLL^Jl IJla ^ Ji^JL. ^_LiJ 



Nir Tessler [et alj, «Efficient Near - Infrared Polymer Nanocrystal Light (9) 
- Emitting Diodes,» Sciences, vol. 295 (22 February 2002), pp. 1506-1508; L. 
Bakueva [et al.], «Size - Tunable Infrared (1000-1600 nm) Electroluminescence 
from PbS Quantum - Dot Nanocrystals in a Semiconducting Polymery Applied 
Physics Letters, vol. 82, no. 17 (2003), pp. 2895-2897; J. S. Steckel [et al.], «1.3 lira 
to 1.55 mu Tunable Electroluminescence from PbSe Quantum Dots Embedded 
within an Organic Device,» Advanced Materials, vol. 15, no. 21 (2003), pp. 1862- 
1866; Tung - Wah Frederick Chang [et al.], «Efficient Excitation Transfer from 
Polymer to Nanocrystals,» Applied Physics Letters, vol. 84, no. 21 (2004), pp. 
4295-4297; Steven A. McDonald [et al.], ((Solution - Processed PbS Quantum Dot 
Infrared Photo-Detectors and Photovoltaics,» Nature Materials, vol. 4, no. 2 
(2005), pp. 138-142; Edward H. Sargent, ((Infrared Quantum Dots,» Advanced 
Materials, vol. 17 (8 March 2005), pp. 515-522, and Brian L. Wehrenberg and 
Philippe Guyot-Sionnest, ((Electron and Hole Injection in PbSe Quantum Dot 
Films,» Journal of the American Chemical Society, vol. 125 (2003), pp. 7806-7807. 
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(Los Alamos) ^ y^i\ ^ jj jJl ^^^Jl 3 j* ^-oLil US 

iilij ^^Jlp ^j-Uaj ajjJU! o>U~*~>Jl j^o ^LJ^I jcjl~o dUS J^j 

o>U^-^l«J|_j o>Li oiLjj ^SvJ^II Juj>- Lj» U" xi I jj tab 
<us dJUi 0 j^i y JS ^ * j-s^Jt ^IJj*^~ol iJJUi -Up ^jSU-^* 

i±Dl§^~j Uk^o o>UjL<^Jl ^ Ju>Jl JJLi ^^Le- jili t L5U» 

jA La ^j^J J J-S\Jl^i*>U|_j 4-j_J^5vJ^II 0>ML^2jM| 

^ oLutj aj^LJI AiL^JL L5 > t jjJuJl ^^aiLjuJl ^Uj^aMI ^ 

t Jj! ^jLLS_i (_jj_«J! sj-_«_> 4_^jsJL» oLoJLSLa :i_w^iLJl ^j^jJI 
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.C~> j^>^1\ j^ 1 ^hj'a (_J_jjJLJ 

jjJl ^p-ij ^ jl>_^l>- 4j iJjLl^j (_j Jul ^ (J-jLli oLi jJj^L 

. J5U Jb-I j 

t (Screen Savers) ^->j—L>Jl SJiLi j y^C ^\ ^isLuJli 

L yL>«-Jl I j ..^ « ; ^ i5L_JL< 4_iL^jJI ^ y jj*JI s<aj ..'j .*AjLa 

Jjj ^Jjlu^j .oili-Jl 4j>JL>^ 4_JL5s^»| L$i* Lfjw jJLjij ,jj <L>-jJU 

o^>li JLii ibiLu oljLil oNl ^yo- Lolj jJj 

i^w>wsJl ^jLjJI oIaLJ JjLSUI (jUaJl ^^ij |»UaJ j_A j iL.lall 

ULp ILL- oM^Jl iL-lwo oJLS'j ^.jbJlj o">l>w^J!j 
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jj- iliXw iij^iaj iiUal! LU-Lzs-l L^~; cLj-fS^Jl J-^ _jj 

•L_vi>;l i_w;_^lj_>Jl oLSL_j; j» l ^1 ^_i-^Jl ^Jj_»Jl 

n~S jj-J iS** oLji-*Jl jiyS^JJ i J-lXj Lj^>- oL»ji-*-oJl 

jjj ^LU ^jJl o*>UUiU <uloj^u*.l j^y^ ^sLJl jl 
I^JLp ^J-j 'C^' OjJLp -L» JL_pS/I J-=rN yLJl *L^l> 

^^X^-J .oJ_o<j iil—^i — tjjj j^vj j jj<-i_J 4j>cjIj <™aJ _ .5 jj>- jJl 

^ iijjjajj iljUaJl ^ y£ y\s iljJU t — lU- ^jj^aJ LSi ljl-Ju>- 

.w>l ^xiVl cjleLx>-Vl <i jf- 
l*S t v*^ 1 ^ j^JJ jU ^5 ># JJ o-U- i3L^j 

:sJJl 
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jl J .1?U ^^jJLjLJI frljJUJJ j^l Juy 4_p-l^ i]Ljk ^^J j 

jl ^J- j-wxJl dJJi ^ ^iLJl ^Ij-U ii^UJl oli ^JL^j^l 
LJ -J>\ j-^iMl - <L>jl jJL^Jl L^Jlj-x., ( _ J JLJL>Jl j»_S^j>tjJlj ^^^t^Jl 
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<L<jL> 



^ Lj^plij_j •LatjJaJl iS-Jlj i>wiJl J^l-^ J^J ^fr>L*-»->«JJ oljJJlj 

ij^CJl ^j\jSbi\ l _ y Lp (Dogmatisme) ^1 _^aJ j i4A_j-L«Jl 

^>-^>l j^Jl /^>LJ jl .11a L»_^ ^1 «N jy, /^n SjLJl! c_^Jl 

l$J ^£ ij^jbJI L>- jJ ^ScJl j ^i^L^Lwi i^A^ £j o'^l ^ Ja 

.4.^, i.'.^lj ^ _jJl*J\ <LL^ ul ^_~>«j LJ 
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ijLoiJl (JjLiJj *_j t i_jj_**L>tJl ioLSs^>i jj_L?-l !li 

ijjjLJl oLo_*^>«_)l (.y^ ' La^LsxJ ^t-jo lLUJ jjJL*JJ 
l _yJ-f- OiULi ^Jl ^yjoL^ jv^*«-j j »■ ^ j-?^ ./i'->-\ JJc_^uj 

diUi £*j KGli c-ijJl ^ oLtj-Jl Lw>-jJ_^jj ^Jj^^^^J^I i o biMl 
JbJt>Jl jU»Nl IJL«> j^w? L >^LJl oliLliS'l jl ibJl ^— ^ ( ^ r w> 

.aJL^P 4~*aI_2 oJ--oJL« 

' * It- 

: Ujj a~o-*I li dili j\S Sk j .i-^Lol i-^al k_^£o L^ljU^Lj 

ii^-saJl >±J j-*^Jl O j ^ -»-JL>~j (j-i-jJl >_Jlj_siJl j-xita j» _^Jl j^jk 
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j_^-LJl ^Ja^-o >_i^~> j ti^JijJl jlSoS/l >i>Jb-S/ ^l^l cbLiJl 

.Ljj^?-Li>tj ^yjl as 

(Bob iwiJLSL^ ^^^LjJI j jJJl oLiuoJ 

1 (3Com) i5 ^ i_r— (Ethernet) ijJj^M £jJL^«-» tMetcalf) 

.SAP £j iJai- <l— j^w ^ iSLjJl ^ o^Lal^^l jj» ^y^l j jjUJl 
^wsl LoJLLC- I t oJL» jlf>- jj^AjJUiS ^ klUjJil LoJUp aSs^Ji 

LJj-?- Ot~^l -Lai t i_aJL ltt.t~>- \Ju\jt J^o-^J 1 j^sM 

.U y.1 jl ^ =>- ^'Vl J*Ai- bitl y> j UjlSol j Ll^l 

ojj .,1^ a o L^oJLijj LjjljlSol ^j—jLa-SCll ajjJUw <5sJl«wO 
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^JJl ( _ r »J-*Jl £*x>«-»Jl oliLi^^/l oJLa 21 Ll L lilj 

.L^ojLLi oliLliS'^/l oJlft l _ J ^J JL>jj>-I iiLM i]L*j 

* t ^lLjw<Jl ^_^s_w»LLa ^ I j-SJy 6 jJ^Ul ^J_£J L ISJj 

olil ^J-^AJ . o^j^JI j ^LS^^I j L^JJl _ ^JL-JI j >U«Jl 
jLo^jI t ^->yi Jl J— £ L ^t,^ (J^** J^-^-*~~"j 1 4~LL*Jl 

Cj^a ^jA 

j^JUjJJ <u>-j_<JI j»I-l><cu-^/Lj i jl JL> oLijJj 
^JLUI J UJLJI jJLJt JIjljl-I Li L>iJl JbJL>»; J*>L- 
^j^jJI (_£JU-!1 Jjl>w ^jl Jij t Li5 J-lij Jl J^i <jj»jJI i-pj^lj 
iL- ^ iu* 77 ^Jl 1900 ^ iu* 48 LJL_^Jl liJ^»l ^ 
Ja ^j^jJI e^JuJl ^ "oLjJl 0 Jt& Jlp JiiUJ \jjT ^ jjcS .2000 
Jj^j L ^1 (j j^aJI (j-uJl J Jjo> ibj^ J-fj t Lf* j— Li I 
j j-£J-~* J-f- 9 J •/? ?- L» lij_j ^LoLp j-ww^i- J*>L>- 4j^> 

.Li Li Jalis-JI Jj J^lsl S-UJ U- j~S> UpUjI JjSo M Jl «w~>ij 

OJl^» JLaJ .^oJLo ^1 £^Jl j^-wj^ ^-i- j^o p_SJl iiiS' jl 
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iXe- j-°-d^*j-" ^y* y (j- 4 t j^f " **iJ'J <j-^-"J Aju .J^ 

iJjjLj .V^yj > , a ll ^yJl jj>- ^j^JloJiJlj ^««»L>«Jl Jl»j <c« j jjLxj 
<ui L> j c_^Jl ^JJsJl y> jl c yLLu~o ^ J-o-v Jj-U<9 
I ^15 Uj ijj^ tobj^tu ^r^i (^^^ Jr^ t>° ijU^ll 

iiUSvJl <u» Li J^~*-ij ^Ji <ujj ^ jJI SlyJl JlJ t _ J i* ^^i-j <ul 

.(Ischemic Leg) or *- r SL-^1 JjLJl 

^Jl j»_LiJl £kil ( _ r »i jl iasjl y~>- ? Vl L^>j i>L> 

L>t>Udl ^ kijjj^Jli t UojI jj t ^^>*j J-^ SL>JI J-JaJ 

j» jA? j .j^jlftjJl y> y jl jj^aj i <L£jJ>Jl oL>- > >lxJlj <Lf-Jb>JI 

J-^LL^Jl ^-iLjjJI cib ^ : ...Li 1 , ■>■ Lo-^ ^ <jl iij_u><Jl ^jj-s^I 

jl_j Lj>- jJ J '. ^ a LoUip L^a sflj- L^J'. ^ »Jl 4j>«-^J )ll 

frl coll JIJi_»J^J J\ ^K^i c-lj O^Lsi-f-j ^-ij- 0 - 5 

<u£-_jj iJUs] ^^j^j j_»j<JI iJUal oLiiJ iAiL* I^Laj .jj-^-cJl 

.1900 j** ja j^uj^j i~»UJl ^ \y\£ 

ijj^Xi l^jJUsj j^w^ oLpJI <U^- eli ^ jl ^j4> J~B^ 

cL>Jl olj_ji jl ^' ( ^»j>wJJ ^-Jlj viJJi ajj<~- ^JUl Li t<iijjxJL» 
jl ^jj-^ j\ , — * ^jrfjJL-* ^^x^ <J_j^- Ljl jL>«j tiiUtfj j^Xzs^ 

IjLs-l j 1 j^J, lLLjJ jl c~A-io5l jJ iiJj^. SL^ (_^.y-'^ UJlL« j 
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Lie- cLLjJ jl Ujlip j-j<-x-o ciiUL?- ^jJl*/I jls fui-jeJ 

j^jJI (_$_uJl Jij .UU- jj-o-jjSllj aSLJI ( _ J i>- (ji-xJl Oj-i-o 

^.AJ* JUi'Sfl J-^-J 

Jij .^jjo j^>-p ^y> g\ jJl JJUJl AjL^J U>-Up tj-fr"-' j-^ai>- ili 4jLib>- 

«-L~Jl ^Jl ^-<L><JNl oL^ij ^yi ^L^Nl j»JJLJl JLc-L^j 

4 ^»j«Jl j*s- Jn«-^ jLiJa^/l >_jL>cjJ jLi- jl .oLi~*-~Jlj oLuuJlj 
Jli^S/l J^>Jl J*UwiJNl Jj>. dUJuj 

jaS- ^y> £j1 jJl J-iLidl ,_^»J ol j-«Jl j-o-C^ O-Jllll jjjjdl ^ j-»-£j 

j~j*jC^\ 4-jl>ii ojjii jl SI ' I ^ajl iJUJl oLj^l<JIj 

jjjJl *lNl ilJl?-l j»Ls -Up dJJij t^l^Jl J_»- jl-Jui J^C Ji 

Jaki- jl .aJLJI j»^jI jj-ju .ili^L LU- j isLJl ( _ 5 i>- jjj^xj 

J">U- J*~> jJl JiplaxJl jl (JLp j ^yJl iJUJl jipUJI 

Jjj_»jJ| LLJJ LgJ j5 ^^-Lc- jj-fcj-I— . toJLpLij J-*_> LoLs- 

jj^C^aJl 4»iLtfJI i_JL>-SM tiLL^aJ ^! j-^< J .L^< J~° iJ ?~-)^ u 

j j^t iAi jli J-Li-I J^- JIij t^-Ul ■ aJ_jll 4j I ri a. (a) 

.SPF j! Sun Protection Factor Jyuj iJl 
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UJI 

1905 iu- ojlJUJI -u— Iji jJ 1885 iu« ^JU? jl5 

aJU jl5 .LoLp 120 iiJUl aL- ^ j»_^JI LJlc- ^L^j Jljloj 
oL_Jil i-jJL; j iijJb»Jl tLj-ysJl JJ" ^Lw^l ojL-^i J ■<? ■>*-> jl 
^ ULtklj ( y>ij tule- j O^rr* Lo-Up ^_™Jjj>JIj o^>L^jj^JI 

.ijLsJl UUjJ ^p Jjcj jl J-ii^Jl 

^L£Jl Ha ^ L^i Li>y ^1 oL.--5.-J I -b-oJl dJLLuJ 

Lajli %\JlJ}\ Ji«j Lvfl-j-A?- A.o. ->,./?.»Jl t-LvaP^li i«Uj5L~p oLiJaj 
( _ r u*>La ^^^l^j iisil£jL<Jl ^-i- ioLJl iJL>Jl ^ jj^>xJl ( _ f J_p 
V*S i^LapNI jU- ijj^>Jl aJUJJI iSj-a-oJl 

jJjJI ^ jl ,JLp jz± ^JJI ^JJl jUJl j 4»Ij>^I ^ SjiJl 

5jjL_»JI j. o ^j-^Jl J_ij_»jJI JJL«_jj "j J- 5 "-jtaLe- j 

4_p j-«^>tL>i ( _ J _* j _ oJ^juJI oLN jJl ^ji jjjl i^w*- jJ jj^J jJLJl 
ix«Jl J 30 jj>tJ _ ijjjLJl Lj-ixJl ^ SjiL>«J^/l oljL»JU--^/l 

J5 jJULujj .2002 iu- jLLo 52 ^ ^Ulj tLjU 
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50 £)UI J^~^ jUii-l ,_5j^wJl oUL^ill J— j 

.4j_^U! j» jJuii Jlf«u» *LiJ)I ji j jJU 

oL>- ^1 iiilgJl tiJJb i^>U*jj cLp-UjJI ol:J:ll ^jJU j^S^Jl 

J^»l jjJl ^ <_£JL^>Jl «->l»_>- s_JLiaJl Ju-P I^'.^oj (iiUaJJ 

L3aj) JUiVl ^ I j ... i*y o-LpL—o J L»l 5 ji \i . \ ..." I j ; < !L^j 

oljLi^l! ( j,., ^ .>- -> <^j ji \i~ ... i^jjjijJl ( _ r >. S ^jj> j\ (4_JU<a_P 

.i>-UJl j^" U-Up «■! jjdl 
i^Ul JjjJl D_L*-L~o_j bkJujLj (J-g-v-j j>"^— Jii>- j _j-f>«-! « j-iJl j-i jj 

jl .~*~» y+iA oLil£»l ijJJl p-" 0 ^' ^r^^" <-)^*" 

j-* ^>.y^\ (JL*JI <y ti * } j-» ij\ ^ (Jj-r^-" ^-a*-aJI ikiJ 
iJlj^JJ fc_JlkJl jlS .^.jUtJl SU>- ^-J>_^> t^jJl <^L«Jl dr*^' 
toljNjj jLL. (420,7) ^Lj 2005 ^ SJi^uJl oLMjU io^Jl 
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iJL>Jl ^ ojl J^i. ^j^-" lS-*-^' ajL^I <LJl5Lol ^ JJLiJl jl 

JlS J t iS"jjc<JI i?-Lx J^a US' AjUJI J^i- y (_g j ;Q all 

jl Ajjj ojjJl iiwii- S^^Jws jLi oLj^ «il jil dji jy> ^Lj-i^l" 

dk! jl j\ ^"LLJI ^ ^ ^JJli-JI ^1* JJlLjl LJ^i 

JlSL^j j^SC«^o Lj liJJij i^^L^jwiNL jj~^l jJl jl t j-jL<A«JI 

.J^tL^JI J~^l <Uj^iaj j 1<UL>«J| lIjLJLJ! <tla-*l_jj 

(5 ^L^Ml oli ^oj'b/l o>LjJsiU j ajjJLSI <LJidJ ^SCojj 

jv-a^/l jL>C^> ^_jL^ .iJLJl t y**JiZj N j ills iJlo jJl 

?*Lo jjj l^Sjl** L^JL><j i i j ^Sc-w 

iJLjfcj t OjLxJI oJJ^-^/I Ln-aJ^i Lxi ii-Jlj iSUaJl JjitJo 

SijJj>t^ i^jijJl ^Jjisx^Jl AiUaJli tdJJjJ <&prj >— ->l— I 

i a ./? i ^ j_Jl 5Jl^xJL«J| oLM jJl j-T "j I j »*s\ Ul j_lp o _j_L> j 

L>j _ Ja— -jVl i_J j-tJI ^ L^jL^L-" t-lajilil ya LgJL>-Lx^-l 

^Jl jJl l_L_g_> _ ijj jj«_™JI LojjJl 1 g : olp j (jl j-*JU L»jj_p dJJi 
^jJl .^UJl ^LJl jjjJlj IS^yl iU^il jc^V- -c^^^' 

^iiLki] IgjLHala j-" ijxS^i CJ15 Lj lil l,^......a , J Ja^J 
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t _ J lc- jMlLa M jijJ\ f-JjJ^J jjLgJLa £Jj^> jL-lwMl 

jl»JU-»l c_JJaj j] y\ jJLj> j^JLi\ jl~Jl JL-jl jl .dJlli 

5Ju>wJl ol/bl Jl Jl jjJI J i«-j-Jl ^ . jLL. 100 

.^jIjV jjJl ol jLL> o>b. 

Ij^j ^» jJLl! o^Ij^/Ij Jjj-ojJI kiJ-L^oJ L5wj^ol jl ^w^ljJl ^yj 

4_*«^~oj-»Jl 4^Jlj_wJ i uJULli j»Li ^^.i jJ«J jjSUl jli dJjo .jLoiL^'i/l 

J 1,9 2004 ^ijj \j>\&\ ^jJ^ J (NSF) ^1*1! oyJl 

.Jaii oljLU 5 ojl-Juio U IftU Uaji^o aX<J\ 

.( V-Jufll 

(iMlsl i^Jbo JbJjJl J jUoj .iiUaJl J jJjjL; Hrr^' 
^ SJ^JI oLM ji\ y__j>d jLlo 200-100 «iJl* 
j»Ji JUs j .(Ji^l J* AJy jLiL^I \1» jUJ_j .-kiJl Jp UoUipI 
jl L-« <. lgJ_p- SjjjUl ajJilII J ^»JuJl iilkJl js- J-^aiJl 

j^^o j'il i»l_LX_wvwoJl iiUaJl <a II J J liJ-frL^j 

<L~~«_JL]| L*>liJl jlj>0>Li <. <U-«i J ^jjjb-^/l .ijijJl ^Iji^L^I 
£-ljjl <iL5 o ^jMl o^JLkj (3ji!_j J>jS/l J-aj isUaJ jJU<2_« 



oi* Jr^Li *^r— " j^-j http://www.aulis.com : http://clavius.org 
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Ujujj: 1. 1 Jul iiLS' jjio y! Uju^jJ — »JJ1 U^jiJlj 

iSUaJi ibl^l ^le- Ll£J Lil S^Lx. kj> olk!l 

^ y-l oliy* ^y ^l_L>t^t>U olkJl oLJai jLs ilJLSOoj 

oils Jl iJlj Jj_p«JI oiUJj jlyj>-Nl jls t IJU .AiJaj oJLft oy*Jl 

.oikJi <u^Jly^l J oLjj j-i> 
LjL>-L>-I olSO (_5JuaJ! y» Jb»lj jJLa« iJliCol Jp JjL»Jlj 
jJLw olkil J-iu~« jl ^y* iJLJbJl y^J iLyo JjjJL* ^1 oUal! 
y£lj ( _ alji l tL^iwwi _ oy>«Jlj xl y!l oLiSj y» tL~jL~i Jio 
j^Lia ^J'j (J ~«-lJlj y^jj-UgJIi ilUJL iljlio i»I.LL^I 

oik! I Lot .oJLSl c~~J L^JloUaiilj l^Li ySJ 1 t ^iiJJ SliJuo olkU 

iuiUJl dULo *Ai (, ^y»- r -k)l jUJl JJUiS'j c^Jl jjjjLSGl 

Itjj^ J^-~J J 'fjc^' <U>Jj>t^~~<Jl JjjiaJl ^yi-*-; y J ■<? si L^SCl 
dJJi J L*j tobbJl J ^^J^-U ^Lojj .JUL^I jjJs y» L»-$-« 
y* Ju-ij :%'Ia L.UJ l^jt' dlk^ ol oik! I kUbJl 

SjUNl JJU-y 1 y£*jj tSjU^J >L^£Jl y. iuJl J 20 <j! 

C". .ajjJu3.ll jjLa>j OjtAy^Jl £t~jL^2_<JI (J" 5 *""* J L> '~' ^ 4-«JJLL<dl 

objjjJl ^Jl^l™; t _yJl ijjLsJl *_-JL-S/l oJL^J j^-t 1 (Fluorescent) 
y^i ^Ul (jy^Jl Jlp olkil 

jUScj' AikJI j i*|Jcu~Jl oik! I i->wl y-N 5 ^LJl Ju'i yJI ol 

j-jlj ( jj2j**3 c I j ... a 1 ^yp 
Aij tiilkJl J>a | ^y ^"IJJI jLj^^/I oli iJUJJl I^j^SI t y^»iJ 
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<_43 jL>«Jl jLjio jl I S-jLa-f-I^JI ^ja^JI olisj ^y> C— ^aL>tj 

L^jULa j c ...,»? a>- Ji j <L»nJl*Jl wJl Xij 11 jjpL_<Jl a5 ^>cj 

.iilkJl ^ ^lAJl LpliSI J^U- ^ JjjJl ^*i»wJl ^ <pUaT>M 

c > s , 

Aits' J^-^J "UaJLi j j-^J 0>LojJb<^JIj i<ClJ|j <>j>i-^Jl ^ 4jjL~a 

jl JjSs-oj oLJl£!l j} j^-Ij ^ ^""^ jl JjL* 

Jj>- jj ji oLsjJ-«-<iJlj t <t_jt>!j5\Jl jl ^oL-jJI ,3~j<-j j*-*^! f*~^~' 
i oJjcJJ jl t'oLiJl j ^Jj^jL^j Ji ^.IjII , $ allj i j y*j jl 

.jjjUl I j (_yJl 5ljL>t«Jl -^iy 

j_<J tlJJ .JJLaJI «JL>- j-o L^-jJjlSsJl JjJj oljil j jiCj LoJJ^P 

J-s J .i^jjJJ ^ g Lo-P ^ A^olSsJl ^o-ft^llj J-wo-xJl (_gjiCjS.il 

J^»_xJ jlj oLo j_Lx_«Jl oJL^_i Lg_aL»JL*l JjjJl ^ jl tSjJj ^ 

N jl Ajslji^jjJl JjjJl i jji-iJ ^ (, <Jl j»j .L<JLpj Lli-b L^s- 
Jj^j ti^i-U^Jlj jv-L«-ll Jj^ ^UJl ^ f, $ ... oJl lj^j>tij jl 
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Communication 




Ethics 




Implantation 


L J J 


Organ Transplant 




Cloning 




Radiation 




Optoelectronics 




Digital Camera 




Fiber Optics 




Bucky Tube 




Internet 




Dispersions 




Polymer 




Environment 




Molecular Biology 




Adult Stem Cell 




Embryonic Stem Cell 
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Neuron 


* - . <lJJ»- 


Cell Pluropotent 




Integrated Circuit 




DNA 


■ J\ -ol 


Atom 




Biochip 




Computer Chip 


-- - j 


Mirco Chip 


iij^^jU iiljj 


Zeolite 




Cancer 




Retina 




Semiconductor 


(oiLo) "Ols^j^o <u»i 


Quantum Size Effect 




Transistor 




Photonsynthesis 




Diagnosis 




Magnetic Resonance Imaging 




Feedback 




Integration 




Cracking 




Communication Technology 




Nano Technology 




Hyberdization 




Nano Particle 




Molecule 




Cell 
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Astrocyte 


- • Ly- \ 


Stem Cell 




Triode 




Vocium Tube 




Energy 


Silk 


Regenerative Medicine 




Catalyst 




Radiotherapy 


* • ii. 


Combination Therapy 


Sf 


Chemotherapy 


- - 


Nerve Gas 




Molecular Sieve 




Bandgap 




Fermion 




Photonics 




Fullerene 


,V J »* 


Correspondence Principle 




Uncertainty Principle 




Optic Gain 




Supramolecular Chemistry 




Plastics 




Laser 




Photo Detectors 


Jyjs U ^ 


Chemical Detectors 




Atomic Force Mircroscope 




Electron Mircroscope 
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Transmission Electron Mircroscope 




Scanning Tunneling Electron 




Microscope 




Biomimetics 




Catalytic Converter 


3 Lb- J 


Life Expectancy 




Implant 


9 O > 


Scaffolde 




Am nlifler 




Optical Amplifier 




Scaling 

\_/ C\. 1111 £1 




Quantum Mechanics 




Communication Theory 




Radioactive Waste 




Quantum Dot 




Tissue Engineering 




Interface 




Tumor 
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L^UI vm 1 ^ 1 : (Carbon Nanotubes) iJjHJ^ 

LfJ ijj-JU ^ cjIS j j->jl£Jl j^a^f} (Alltrope) J— f ^» J-^Li ^ 

4-JI_j-k^>S/l ^jlijjj>Jl oJLAj -O^JL« ^^Lp J_>^j jJai Jl J j-la L—J 

oLij^,^!')/! J lJuXe- -Ulji olS L^Jlx^J ^y&y- ^lU^«J jjjjLSUJ 

JLaj L^jl ioJ-_w> a_jL^j5 ^^al^i-j iSSli o ji dJJ^Uj l?*-? 

(Fullerene) ^jJj-oJl ^jIl>j^- ilsLp ^ ^» j . Sjl jjxJJ Ijl>- 
jj. 5Ju>-lj JILloJ IgJI SI t (^jjcJl cuJJl J ol JiJO 

Ju>-IjJ^j .(iJj>-ljJL» i^-jLjI) oi-LxJL^i jljJL?- jl jl-L>J( <L.ib>-l 

c-Lo L^ljit^il >^~>tj l-l^- o^-^ J-^"" • >*J 

Jik^J oUjJj>- olS ^ y ^ ol^^J^Jl : (Polymer) Jjj 
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cjIjl?-jJI ^ tJJLoj UIp (Molar Weight) Lj^ Ujj 

ol ^»-J JLa j . (Monomer) ^ y y 5Jl»-I jJI ^-Ij «j ^5^«Jl 

£l jJl iil5 J^U 4V. la ,/?<>■) I iw^S C>l j-»_J jjl ^ |jj>- 

(Poly ^_L- Jj^b (Poly Ethylene) jJl^I ^jJI Ji» i^IjJJI 
^.y.../a."J Iju>- i*—! j oJ_pU j»_^JI I^Llaj .La^^j Styrene) 

^^LJlj, iJ^Jl Sj^-^lj a-^L-aJI o^NI ^ ^JaJl ilj-JI 

.La j±. j iCS/l j 

iL^L<Jl ^>JI : (Antibody) jLa* 

<U-/jI>«J| oJLaj .ilwia jjj^ ijs^-jj j J *~i L^J^c- j^~>Jl Lg_>tDj oJJsjco 

iL^^Jl j^^^Jl jj>tij oil* j .4J j-^Ul oLil j_*>«Jl Si jj>- j_a 

iU<i«JI jjj^jl ./}<_ jl Lol dDJU Aj>^j j oL^oJl jjj^jl £>> 

^yllitj J <L»ul j^L; j> j»jj| ^ L"}l>«Jl ^jAx-J 
Jjt>o iLvi<Jl jjj^jl ^ij^- oiUol J"A>- iLi^Jl jl jl cCU 

i J^>- J j-oJ^vJ jl 0^/L>Jl ,jAJ<-> V^jJL?T_>J .aJLxJ j-j-P 4_JI_l!I 

U l-Lasj co^LiuJl oIjJj^JI f\lc>-\ Jl«j j»_~>JI ^ 5iLA*Jl j»L~^-S/l 
^y^U- ^pJu>JI i^UJl dii^oJ : (Stem Cell) i_pJL»- IA>- 
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^ yj^>JJ S_JlJ>-IjJI JJjlSDI ^ji t (Embryonic Stemcells) 

220 ja p\ y> £y J\ J\ JpJl L^.j t J/N I 

j^-j>JI i>«~Jl jj^jij ^ jjlu Jl>- yj (Adult Stem Cells) ^J«JLU 
^IjjJl oMlSj JJ y> <_pLip| JSd; l^l-bW^L, jMl L y^- ^r^. 

Jij) I j P djj^Jl jUaJolj LjJJjIj LS\-)j-«I ^ 4 ;/7 ./?-*JL»Jl 

: (Photovoltaic Cell) iJj-^ /(Solar Cell) y^Jj. *Jl>- 

tijL^S' AiLis ^1 yjt \\ iiUaJl JjyxOj ^ yu obi ^ 

j»jJL" j] 4 1839 aj— (Bequerel) Jj^-SLj ^^^J jjUI ^Lj-^iJl o y> 

ya ojLf- ^j^j) oiLjl 1 g -w ( _ J lJl _ e-lw? ^ji - oU y jjill 

.(DC Current) I 

SbM ^1 yi-l 5*1^ J j\ (Russel Ohl) Jj» j\ J~,Ij U^»- 1946 

oJla J-s J /Ml J~?^' JLoJLpIj .LLj^JaJl oi^j e-Lj^jdl jj jj A-JLk^ 

(_^Jl1I jJLJl jj^jyj IwU^- yxx^Jl j yxJ~Jl yi «-*>U5 L>">\jiJl 
IJuk ^ iiliaJl Jj_p^ o«-U5 o-iLSj .t-yjAS aJLp L»j>- li jl5 
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IJu* tS-^J tjji-i>j*>0l o_^5\Ju*Jl j»J ^a j j>jJUJlj j'jjJb^/lj ^UxJl 

Jt>U^L pLJjJI \Ju ojJLJI oIjJLJI j^k; .2007 

Jju ioLkJjijjjiJl il_^JJ ^L-tS ^Lj^JJ iU»j-Jl aJ^^JI -pljJLSl 

4JuI£l« syb Li>l ^Jj'j : (Electronic Chip) iJ^$3l iSUj 

iilij jl (Microcircuit) ijjj-^-jLo 5 j_5b jl (Integrated Circuit) 
i-oji-« iJU^fS" o ^aj (Silicon Chip) iJ j^LJL-- 
0 _^£LJL~Jl 4_JUJl ( _ y U' iL^> j» <uji S:>la {j* islij ^yU- 
olilijJl j-oj .^^I«j->JIS tS y>-\ *\ y y Oj&j -Lsj 

j^Jl (Microprocessors) ii-iJJl oL»Jl*-»Jl UlJUiu—l iJj j^JNl 

.4s*la *2jjlaj (J-«-«J ^jJl oJ^>-Nl ^j-o JjJjtlJ 

y i_aJLj i^jyr ( _ y * j / ™5lJj J Jl : (Rotaxane) t ^ r ~5'Ujj 

l»j>tXjj <JLi^>- Jjjj»«J j-^sLjiJ <ui)j^>J! oLij ^ L^oljjo~-M 
^1 ^xJl ( w> j» J5 ^jy-i <L~>- <d>-b ^j^p^J! 
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: (Molecular Sieve) JL..J-* /(Zeolite) c— y j->j 

OoNjjjJl ^ U- jJ ^ .oJ»-j iLo ysl i3L*j .oL^Jl^^ajJS/I 

jl j ./? II 0>Ujjl 4— j>-j_«JI oLijj^/l «-ljJL?-l I yj> C~>Vj_>J-ll 

.^.Sll ^ «LJI Lid 

Lj-aaJI 4_^jL~<JI oli .il j^jl ^Ijjl JJ> j-A C~;Njj_}Jlj 

jj j_» ^_~>t^>-j oLijj->*Jl ^jjut-i j\ a s^Litj L^-iN jlj^Jl 

J-jl jjJl j>Jj>m^~J IJJ .i\ j^Jl uJ_» i.a. " . .. ^ oLoLv^J j, lav. <Jl 

Vji^ ^u^/jLJI 'uljuk^ol <_Jl iiUi>l <. Oj^/jjjJI Ul 
JuobtS' JajLJl jtj>^> <L«-tU<3 ys ^>Ju>*JL~J t^LsVl Jj" <^LJl LijJ 
(Fluorized Bed jLL>Jl J^UJL £-SL*Jl _ rr ~£jJl i~L>_e ^ jLb>- 
oUxiuJl Up o^LjJ ^>_jJl a_^L-I aJL^ ^yt j (.Catalytic Cracking) 

LgJj <L>jyJl ^UL^Jl ^ iJUiiJl oL>i \^ «-*_JL»Jl i\ j^Jl ^LjJ^/ 
t ^U-ipAJ iojLioj aJLp «uL^ cjIj ol^^J^ji^jJ^I ^ L^i~o oJl5 

5jLo ^jJI 4jJ-L~o I g ... 4j<_^J| jl j-o-SL; L§J')^I Jlaj IjJ 

^ ojjJaixJl J-»L* j-^ ' U-L^-l- 5 o«-IL«Jl il_ ? ^JI 

.LjuJiJl i>JU^JI (3yaj «JjLio ajj^JI oLUJl aJjLo 
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oLLij^J LyA—J : (Bucky Balls) ^L. ol j-S" 

IJL» o^jjISCJI *S-iy>r j .(R. Buckminister Fuller) y ji y^*£ji 
JL*-> ( _^iJl j jjj^l cJlill ^jJl ^ C 60 UaJ ^J^" ^l 



j^<J 4 _^xJl (Fullerene) j-ij-yi j-aS\ ^ oJu^-l j ^* j 

84 ji 76 jl 70 j\ 60 jl 26 j! 20 ^ ^ V^J 15 j$ ^>^>yr 

t (c~^slj-<<-5L 3^*1) iwJLvs Coj^S^ L^oIj^jl^I I y^^jj <L«jlaU 
jjJ li M ^^JaxJj l±jjz*l\ oLoJuJl jy> JuJjJI jLjjJJ 5Lli 

4_*_aj y> y- (Super Conductive) iijlj 

* J ]?~> Ls_o (^y j-ww^Lw>.t <L>-j.5 - 273. 15) JjJUa^Jl j a „n )l ^ i_j ^JLi 

Ig-J-C- Jj-A>J| i^x-^Ij olo jjfcj t LaJuj^J J^^aJl ^»jJLgJI j»|jl><JL^I 

oU-ji ^y i^sLiJl oju& j-aJl jp^J .aJLp iii^ olij 

(_s^S!^ J-r™^ j-^J^ri^^-! ■^-dj-r-^ ^:^- p <J j-^>Jl j^-«-d ^iJ^ j-* 

tJ-w^^Jl j»j^JL^Jl I-*-? - y 2 ^"^ 5iL« (^^j^-Jlwwj —196 
j»|ji*^,L jSUjj 5jl^ ^l=rji ^ if.jr)^ J> 

j^S Ajt^, oli OljJ j^JJ CjI -Lx^i ^- ■'■ :^>" ifljLjJI 4~Ls<3 j^jl 

.3 j~>w j»L>«j>-Lj l-i?- 0^"^ 
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JUJoo j_a : (Electronic Microscope) 

(Ernest Ruska) 15L-Ij c— Jjl jl5 .1 y> j jJu j» ^1 tUiSlI 
i^yJl IJL4J oLJj^J>'l J*>U^L ^ ^ Jj! ^USlI J^.^ 

( j—j-U5\Jl j^-jL^waJl j^j <Lp j^^o c— ali j»J 1933 <C_^o , la . 
Jjl ^j.,^; c~»li L<^ .1938 y tS^ ^ j-«-> 

j^-^ i>" f^y\ ~ cJ * -«^-Jl ^-^ ^ (Jj^f" .r^i 

(Transmission Electron JlJLlJI ^^j^-j^iL-Wl j 3 ^_o-Jl _ 

Microscope) 

(Scanning Electron Mircroscope) ^-Ul ^j j^^l _/£=?"Jl - 

(Reflection Electron ( _ r ^L J Jl ^ j_ r JL-SLJ^I J g ^_<^Jl _ 

Mircoscope) 

(Scanning Tunneling ^JliJl q^LJ! jz£Si\ T ^-Ji\ _ 

Electron Microscope) 

Jij tio_^L>Jl iJj^iSGNl olilijJl ( _ 5 1p aJI^^JI _plj-l!l j 
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I Jla j-^-i '■ (Atomic Force Microscope) <4jJl!I I jJsJI 

Ij_^J ^j^jl^jj LaJLsilj j_aL>s_<>JI ^1 jJI ^c, jil ^_>«_«Jl 

IJl» 4--»_~J j .(Scanning Probe) L>«-~-L> ljL_~~o jl U~>^» ^ jjJl 
^^JjiJ 4^Jl$JI 'Si (Microscope) L_^JL>«J^h oJJl jLg^Jl 

>ur w«Jj! jl ^~w<JI J">Vi- jlgj><Jl ljjt> ^3 j-^Jl ^ L«^~> ( jJaJl) 

J-o^J ^jj j-jjl ^UJl £-1 j-iil J-* -k—^ J^jy jl ^L^j 

^la^<w iljlia iLxj^/l I jia^o (_^3J»J <*jl Lo^ t 4J j yfcl^jl 

^J<jo (Piezoelectric) i_5Lj^5_jj-j Silo ^y> 4J0JI £-a>_j .i— *Jl 
^^i-j <L~j>u |»-» ■/? < jL^piJlj .Lg-J-t ia I ... <Jl Ji^>tJl L^jLajLLo 

^Sll Jl <Gl ^1 t^Js-Jl iil c J-p ^^^Jl 

^J<_) IJ-g-s- 4_Ll»JI ( _ s ^->^j L» t ^tJa— Jl jjJ i j->- j J-LP 

4 _^xJ \ iiL~<Jl ^J-iJ iiJb 4^Ls ^jl; ijJUl t yL J _g_£Jl jLjJJ IgjujliLo 

LjJj^p ojiLi oiLi j_» i\ Ji * ll jJj_»JI : (Antigen) jL^> jJ^o 
^Lx>»_ij .^ypL^ (J-*-* °jl~—"l (.r^ c - ™-^' 1 Jj—^j jl jj-^'Aj 



280 



j\ (Anibodies) S^UiJl j»L~^l J-i i\ j_Jl oJla ^-~«J ^1 ^iUi 
(T-Cell ^pJu j^-™^tJl ^9 o^j-^ - .'wLj"- 4_™™j^jl« oLxjj->- 
^j-p ^ j_J jj_> ^_J_pNI ^^J-^ j-a }\—# *Jl jJ j_«Jl j Receptors) 

jl _ 4^&[i- j]p ^3 _ LiL?-l ijjJu>tjj .( t j-JJjJl ^ «-^~ jl) j»— >t5l 

oLi-a OiIjJj^ J OiL^j^oiJlj Lj^xSLJl jl ii?-;Aj si ^ " jl) j^kS 

£_^LJl j jiJl ^jL^J :(Quantum Mechanics) ^_50l lSyJl£_a 

iSjLLo ^JxJ t<UjLp J^> j ji (.[jyJiW j»Jlp j! j^jLj^iJl JuLlc-I yus- 

^ jl (<Uji Loj i_>J-^' ^»-^><J0 y> ;r> \\ <Li5li f>L>tj-l ^3 <L-» . . la 1l 

4_;j>L^u*>\_SL!l frL^^iJl jl ^j^j j^s>~ tlJuj- ixialj j! Ijuj- iJlp iiLls 

^yixj I jjt-J} JJ 4-jL>J^_ijJl OL) j 1-j '■ 1 1 {jJ> li-LP I y>- ^jj AJl e-Lo-LxJl 

^yJl 4_JjJj-jJl ^LjSL_^;Aj>lJl frL^jjJl oL^iajJl oJlA ^JiJ jvJj .jvJxJl 

oJla j-aj .o">\^! ^ OjJii ^^jJI >oMl>Jl IJlp U-J 4 S . 1? a oJljM 

.L^lxJl J^l^lJlj 0>LjJaJl 

^yLj^jl ^j-iJl ^oLJJ (Einstein) ^L-iJol ij jJij 1905 

. (Photoelectric Effect) 

(Quantum Theory ^JUa^l (Bohr) i>_J±> 1913 i^- 

. of Spectra) 
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jj, oUjJjjjJl o^-lJ (Compton) oJLc-li 1922 

. (Scattering of Photons of Electrons) oLj y&Nl 

(Exclusion iU^^I (Pauli) ^ jL ;j_pU 1924 

. Principle) 



ijjiij - ^\ (Heisenberg) ^J^jLa ~^>.J*^ 1925 

. (Full Quantum Mechanical Theory) iUl^Jl ~^£t\ 

(Wave ^j-^l <j& (Schroedinger) jCjijj^ itaU* 1926 k^> 

. Equation) 

kS jSlJLJl ^_u3l (Heisenberg) ^JjjU 1927 

. (Uncertainty Principle) 

jJwaJl iiSls Sjji. ^ iki : (Quantum Dots) ^$31 isUi 

^JLp J j.,/g>Jl jjiv-oj . (Semi Conductor) J^> i^U- L$J 

(»1^J>~ •wli- JJl>^o p-^Jl iaLil oils - 1 

<_!*>Vi>- ^Slojj ■WjU^ 4j>JI*_«j l.g u jvIj j^J 1 4_i «Ut)_*^ 

^Jl 4ju j^>tj olj j-L ,_yLp J j^a>J1 4~L«_xJl 6 j^5^>«jl!I 

Jsli ^y> 5^ jl.u4 AAj^kll 

50j 10 ^-j i?UJl oJu f»^*" xij j*-^' °- 3 ^' 

o4S JaUj _ 7 ^-*j : ^L^Sj yLSUNi ^-^^Jl _ 3 
.LjJaJ aJLjJI I ( - : U- iww_^j 4-J j,.,^ II oUlJukju*>!>L! L^>U» 
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ojjLJl (»->*->- -i^jl j .ojjIJl ioL> iiUi>J r^*" 

.Ojj-LJl ^->fc>- jJW2J L«JuP 

jt^Jl JalJL i£j)t^ j-U^o ^ jl cp^p * y& ^-*~t L*-^ J 

LSI jj IjjJ £_JLj jv^Jl J»L«J jLi d ^yj^ ^6 • ^ la i ■■■ ' jl 

L*>L>Jl ^ iwi-il^S' L^cljuk^l ^ ^SL!l i»LaJ Julji J^-U j .LjJli 

pLiw L j^>- j\ oxjt ^<j! 1 ,,r7 <JL ijj'u^ iiUaD JJiiJl 45*>\-£L^L 

^IjJl SiLS 4_w»_^Jl oi_a J-«-ij : (Fossil Fuel) ^j^jL*-! a^Sj 

. ( _ycJ a II jUJlj UaiJl iljLJl oLKJlj fUJl JaiJlj 

il j_»Jl oJla <j jZs>Hj .4-jjjj\SjjJ^& c->LS ^« JSLxu jLiJlj ^»L>tJl 

i5LU ^1 <W5Li- ^L^Lc J*}L>- jj-^ Lg-Lj-sxX) jl AliJcJJ a j^iLwO o j j-n*2j 

.4jL^5 iiLU ^yll o^fL>Jl (J^jw ^ j»j <LSCJl£~o 
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